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PEEFACE 



TO THE SECOND EDITION. 



In the present Edition of this work the whole of it 
has undergone a thorough revision, and much of it has 
been re-written. A considerable amount of new matter 
has also been added, which it is hoped will increase its 
usefulness both to the Student and also to the prac- 
titioner of Architecture. 

The following is an outline of the additions and 
alterations that have been made by the Author. 

In Chapter I. the additional subjects are, reaction 
and the force of gravity, the practical application 
of the triangle of forces to show the principle of the 
bracket, the method of finding the centre of gravity of a 
section of an iron girder and of an arc or sector of a 
circle, the effect of corbelling-out and of buttresses on the 
stability of structures ; the mode of investigating the 
moment of resistance in a beam is explained, and the 
nature of Friction and Cohesion. 

Chapter II. on Betaining walls has been re-written, 
the method of obtaining the formula explained, and a 
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Table given of the requisite thickness of retaining walls 
for supporting different kinds of earth. 

In Chapter III. has been added the geometrical method 
of determining the thrust of an arch, and the various 
formula for calculating the stability of arches, vaults 
and domes, have been much simplified ; the subject of 
conical domes or spires has also been introduced and 
their stability determined, as well as the mode of con- 
structing iron domes. 

In Chapter IV. much new matter has been introduced 
on the chemical composition and strength of stones and 
the geological formations in which they are found; also 
on the subject of mortar and cement. 

In Chapter V. is explained the mode of finding the 
safe-load on a beam with a given strain on the fibres, and 
the scantlings of floor-timbers have been calculated for 
various spans ; the principles of the hammer-heam roof 
and of the arched roof have been investigated, and also 
the nature of the forces developed in shoring-tip a wall. 

Chapter VI. has been considerably enlarged by the addi- 
tion of matter on the nature of iron, the method of find- 
ing the safe-load on a beam with a given strain on the 
fibres, the stability of iron roofs of a circular form, and 
the modes of preserving iron from decay. 

Chapter VII. has been for the most part re- 
written, the subject of Fluids at rest and in motion 
being substituted for that of " Water in Vessels 



PREFACE TO THE SECOND EDITION. VU 

and Pipes ; '* fluids including air as well as water ; 
the nature and character of water is discussed, 
as well as its pressure upon the sides of reservoirs 
and tanks, and the method of conveying hot-water 
from the basement to the upper parts of a house ; the 
quantity of water that can be discharged from the bottom 
of a tank with a given area of orifice, the resistance of 
long pipes and of lends or elbows therein to the flow of 
water, and the determination of the strength of pipes of 
different material. The nature and composition of air 
are described, as well as the law of Diffusion and the 
principles of Ventilation; and the effects produced on 
walls and roofs by the pressure of ivind, moving with 
different rates of velocity, are discussed in detail. 

Chapter VIII. is entu'ely new, and treats upon the 
subject of the nature of lightning and the methods to be 
adopted for protecting buildings from its violence. 

The Appendix contains an additional Table of the 
powers of numbers, intended to facilitate the calculation 
of several of the formula given in the work. 
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In the following pages the Author has endeavoured 
to introduce the Student of Architecture to a general 
outline of the scientific subjects connected with his 
Profession, an acquaintance with which can at present 
be only obtained by the perusal of a large number of 
works by various authorities. In compiling this Treatise, 
the Author has been careful in all cases to consult the 
writers who stand highest in their respective branches 
of knowledge ; and by avoiding the use of the higher 
mathematics, as well as those topics which belong more 
especially to the engineering profession, he has brought 
the vaiious subjects within the capacity of those whose 
mathematical attainments do not extend beyond ele- 
mentary geometry and algebra. 



CONTENTS. 



CHAPTER I. 

MECHANICAL PRINCIPLES. 

PAGB 

1. Definition of Force ; mode of meaRuring Force ; Force of Gravity 1 

2. Resultant of two or more Forces ; Composition and Resolution 

of Forces ; Triangle of Forces 3 

3. Maxwell's Diagram of Forces 6 

4. Moment of a Force ; the Lever 7 

5. Resultant of Parallel Forces ; Couples 9 

6. Centre of Gravity ; to find Position of Centre of Gravity in any 

Body ; Centre of Gravity of a Triangle ; Trapezium ; General 
Formula ; Centre of Gravity of Iron Girder, of an Arc and 

Sector of a Circle 11 

7. Stability of Structures ; EflFect of Wind on a High Building ; 

Effect of Corbelling-out ; Buttress 18 

8. Diagram of Strains in Loaded Beams 21 

9. Shearing Force in Loaded Beams 26 

10. Neutral Axis in Loaded Beams 28 

11. Modulus of Elasticity 1 29 

12. Moment of Inertia of an Area ; Moment of Strains ... 80 

13. Friction ; Coefficient of Friction 32 

14. Cohesion 34 



CHAPTER II. 

RETAINING WALLS. 

15. Pressure on Walls when the Surface of the Ground is Level . 36 

16. Do do. when the Surface is Inclined ... 39 



X CONTENTS. 

CHAPTER III. 

ARCHES ; CUPOLAS ; SPIRES, 

PAGE 

17. Arches ; General Principles ; Line of Pressures . . . . 42 

18. Circular Arch ; its Thrust ; Strength of Abutments ... 45 

19. Approximate Geometrical method of finding the Thrust and 

Strength of Abutment of a Circular Arch 50 

20. Stability of Arches arranged on an Octagonal Plan ... 53 

21. Segmental Arches ; their Thrust ; Strength of Abutments . . 55 

22. Gothic Arches ; their Thrust ; Strength of Abutments . . 69 
28. Thrust of Elliptical Arclies 61 

24. Gothic Vaulting Ribs : their Thrust ; Strength of Abutments . 61 

25. Oblique or Skew Arches 66 

26. Cupolas or Domes ; Mode of Construction ; Thrust ; Strength 

of Abutments 68 

27. Conical Domes or Spires ; their Thrust ; Strength of Wall . 73 

28. Iron Domes 76 

CHAPTER IV. 

BUILDING STONES. 

29. Classification and Composition of Stones 78 

30. Granites ; Serpentine ; Slate 80 

81. Sandstones 83 

82. Limestones . 86 

88. Oolites 87 

84. Magnesian Limestones 89 

85. Porosity or Absorbent Power of Stones 89 

86. Strength of Stones 90 

87. Mortar 91 

88. Cements 92 

89. Ransome's Concrete Stone ; Protection of Stone from Weather 93 

CHAPTER Y. 

TIMBER. 

40. Growth of Timber Trees 96 

41. Decay of Timber ; its Prevention 98 

42. Strength of Beams ; Transverse Strain 100 

48. Safe-load on Beams 105 

44. Deflexion of Horizontal Beams 107 



CONTENTS. XI 

PAQB 

45. Strength of long Pillars of Wood 109 

46. Strength of Short Pillars Ill 

47. Tensile Strength of Wood 113 

48. Floors ; Scantlings of Timbers 114 

48. Timber Framing ; Strains on several Parts of a Truss . . . 116 
60, Weight supported by Roofs ; Scantling of Timbers employed in 

a Roof Truss 121 

51. Hammer-Beam Roofs 122 

52. Arched Roofs 124 

58. Shoring 127 

54. Centerings for Arches 130 

CHAPTER VI. 

IRON. 

55. Mode of Manufacture of Iron ; Different kinds of Iron . . . 132 

56. Cast-iron 132 

57. Cast-iron Beams ; Breaking-strength ; Safe-loads . . . ' 133 

58. Long Cast-iron Columns 137 

59. Short Cast-iron Columns 13& 

60. Wrought-iron ; Resistance to Extension ; Long Columns ; 

Short Columns .... .... 141 

61. Wrought-iron Beams ; Rolled Joists ; Plate and Lattice Girders 143 

62. Safe-load 148 

63. Elasticity and Tensile Strength of Iron Bars . . . . 151 

64. Deflexion of Wrought-iron Beams 152 

65. Effect of Heat upon Iron 154 

66. Wrought-iron Roofs ; Methods of calculating Strains on dif- 

ferent Parts 155 

67. Diagram of Strains applied to Roofs 157 

68. Circular Roof 159 

69. Steel ; its Nature and Strength 101 

70. Preservation of Iron 163 

CHAPTER VII. 

FLUIDS AT REST AND IN MOTION. 

71. Definition of a Fluid ; Liquids and Gases 166 

72. Water, its Composition and Character 167 

78. Pressure of Water on the Sides and Bottom of Tanks . . . 168 
74. Centre of Pressure ; Strength of Reservoir Walls . . .170 



XU CONTENTS. 

PAGB 

75. Hydrostatic Pressure ; Hydraulic Lifts ; "Water Supply . . 172 

76. Specific Gravity ; Substances heavier than Water ; Substances 

lighter than Water ; Alloys 174 

77. "Water in Motion 176 

78. Flow of Water through Pipes ; Loss of Head ; Amount of Dis- 

charge 177 

79. Bends and Elbows in Pipes 180 

80. Strength of Water Pipes 182 

81. Air ; its Composition 182 

82. Diffusion of Gases 184 

88. Ventilation 185 

84. Pressure of Wind on Buildings 183 



CHAPTER VIII. 

LIGHTNING CONDUCTORS. 

85. Identification of Lightning with Electricity . . . . 193 

86. Constructiou and Use of Lightning Conductors . . .197 



APPENDIX. 

Table I. Specific Gravity and Weight of Building Materials . . 201 
Table II. Powers of Numbers 204 



THE 



SCIENCE OF BUILDING. 



CHAPTER I. 

MECHANICAL PRINCIPLES. 

1, The science of "mechanics '* investigates the laws 
of forces and their effects npon various bodies. The 
tenn " force " is applied to whatever causes or tends to 
cause motion, or a change of motion in bodies, and to 
whatever prevents or hinders their motion ; its effect being 
measured by reference to some unit of weight, as pounds, 
tons, &c. When a body is set in motion by a force, the 
effect of the force is measured by the momentum, or the 
mass of the body multiplied by the velocity generated in 
an unit of time. When two or more forces act upon a 
body, but do not produce motion, the body is said to be in 
equilibrium by the action of those forces. The relative 
magnitude of the forces acting on a body may be repre- 
sented by straight lines whose lengths are proportional to 
the forces, and whose directions are those in which the 
forces act 

Whenever a force is impressed upon a body in any 
direction, another force of equal magnitude is immediately 
produced in the opposite direction, which is called the 
Reaction of the impressed force. Thus, if a heavy body 
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is placed on the ground, it presses thereon with a certain 
force W, which is proportional to the quantity of matter 
it contains, but the ground which supports it reacts upon 
the body with an equal pressure B acting upwards, other- 
wise the body would sink into the ground. If the body 
is placed on a liquid it will sink below the surface with a 
force equal to W— R, R in this case being only the weight 
of the volume of the liquid which the solid body displaces. 
Also when a body A, which is in motion, strikes a fixed 
body B, which brings it to a standstill, the stoppage of A 
is owing to a blow which it receives from B, equal in 
intensity to that which it struck B, otherwise it would 
have moved B along with it, or have passed through it as 
a bullet does through a plank of wood, where the resist- 
ance of the plank is less than the force of the blow. It 
is the reaction of the earth that gives stability to our 
buildings, and we also see the necessity of so distributing 
the load that this reaction shall be equal to the pressi^e, 
as a want of attention to this is the cause of numerous 
settlements in buildings from their foundations sinking 
into the ground. 

One of the most important forces with which the archi- 
tect has to deal is the force of gravity^ which is measured 
by the velocity generated in one second by a body falling 
from rest in consequence of the earth's attraction, the 
amount of which is determined by experiment for every 
place on the globe. In this country it is found that a 
body falling from rest in a vacuum acquires a velocity in 
the first second of time of about 32*2 feet per second, for 
which quantity the letter g is always used, and the velocity 
V generated in any other time t is expressed by the formula 

t? — gU 

The space or height through which a body falls from 
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rest in one second is J ^ or 16'1 feet, and the height A 
p&BBed throngh hy a body &lling from rest daring t 
aecondB is (in feet) 

h=ige=i 16-1 f. 
!rhe velocity v which the body acquires in falling through 
the height h team rest, in feet per second, is 

p = \/2g h = 8 V^j very nearly. 

It is customary to call k the height dm to the velocity p. 

The quantity ff is also put for the number of pounds 

weight in a unit of mass, so that if M represents the mass 

of a body whose weight in lbs. is W, we have 

W 
"W = M. tf, or M = - , 

which latter quantity or ratio does not change with the 
latitnde of the place, although the value of g may vary. 

2, Resolution op Forces. — Whatever number of 
forces act upon a body, it is clear that they can only move 
it in one direction, bo that their total 
effect must be equal to some one 
force acting in that one direction. 
This force is called the "resultant" 
■of all the forces which act on the 
body, and if a force eqnal in magni- 
tude to the resnltant and opposite 
in direction is applied to the body 
it will be kept in equilibrium. Sup- 
pose the two forces Pand Q (fig. 1) 
represented in magnitude and direc- 
tion by the lines AB and AG, to 
ACt on a body A; draw CD parallel to AB, and BD 
parallel to AC ; join AD ; then the line AJ) represeota 



Fig. I. 
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fbe resultant (R) of F and Q in magnitude and direction. 
Produce the line DA and take AE equal to AD, then 
AE will be the magnitude of the force (S) acting on A^ 
which will just balance R, the resultant of P and Q. 

The forces P and Q are called the ** components" of the 
force R If the single force R acts on the body A in the 
direction AD, and we want to know its eflfect in any two 
other given directions AB and AC, we take the length 
AD to represent R and make it the diagonal of a paral- 
lelogram whose sides are parallel to the given directions 
of AB and AC, then these sides will represent in magni- 
tude the effect of R in those two directions. 

If the angle BAC is a right-anglej then DB will be 
perpendicular to AB, and the ratio of DB to DA is called 
the sine of the angle DAB, that of BA to DA being called 
the cosine of DAB ; the ratio of DB to BA is called the 
tangent of the angle DAB. The values of the sine, 
cosine, and tangent of every angle from 0° to 90"* have been 
calculated, and will be found in tables. In this case the 
resolved parts P and Q, of the force R, at right angles to 
one another, are : — 

P = R X cosine PAR = R x cos. PAR 
Q = R X sine PAR = R x sin. PAR 
Q = P X tangent PAR = P x tan. PAR 

When more than two forces act on the body at A, we 
can obtain the value and direction of their resultant by 
first finding that of any two of the given forces, and then 
considering those two as replaced by their resultant; then 
find the resultant of this last force combined with another 
of the given forces, and so on for all the forces, until at 
last we reduce them to a single force, which will be the 
resultant required. When the body A is kept in equili- 
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brinm b^ the three forces F, Q, and S, represented by the 
lines AB, AC, AE ; these forces ore proportional each to 
the sine of the angle contained between the other two ; 
that is to say : 

P _ Q _ S 
Bin. QAS - sin. PAti ~ s"in. FAQ' 

An example of the practical application of this theorem 
will be found in the case of arches arranged in a polygon 
(20). Also if we form the triangle ABD of lines drawn 
in the directions of the forces, it is evident that these 
lines will represent the forces in magnitude and direction, 
if taken in order. That is to say, F is represented by 
AB, acting from A towards B ; Q by BD, acting from B 
towards D ; S by DA, acting from D towards A. And 
conversely, if three forces acting at a point are repre- 
sented by the sides of a triangle, taken in order, they will 
balance each other. 

It is also clear that in order that three forces may 
balance each other or be in equilibrium, their directions 
must meet in one point. 

The following is an example of the application of the 
principle of the Besolntion 



of forces to practical build- 



Fig. 3. 



Let AC (fig. 2) represent < 
the vertical face of a wall, 
in which a beam AB is fixed 
firmly at A, but projects 
therefrom the length AB, 
the end B having to sus- 
tain a weight W, which 
would bend it downwards, but is prevented from doing so 
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by the stnit BC fixed to the end B of AB, and into the 
wall at C, 80 as to form what is called hy architecte a 
"bracket." Let iheweightWbe measured bytbe length 
of the vertical line Ba on any conyenient scale of parts. 
Draw am parallel to BC, meeting AB produced in m ; and 
draw an parallel to Bm, and meeting BC in n. The length 
Bm will then represent the force with which AB is strained 
in the direction Bm, on the same scale that Ba represents 
the load W. Also the length Bn will represent on the 
same scale the pressure down the strut in the direction 
BC ; the former being a stretching or tensile force, and 
the latter a compressive one. 




8. Let ABC ffig. 3) be a triangular piece of frameworfc 
jointed at A, B, and C, and kept in equilibrium bj the 
action of three forces acting at the joints. Since there is 
equilibrium the directions of these forces most meet at some 
point, D, and must also be proportional to the sides of a 
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triangle which are reapectiTely parallel to the lines AD, 
BD, CD. Let XYZ be anoh a triangle. Then to find the 
stresaes inAB, BC, CD ariaing from the forcea, draw lines 
from the points X, Y, Z, parallel respectively to the sides 
of the triangle ABC ; these will meet in a point 0, and 
the line XO will represent the stress in BC ; YO that in 
AB ; ZO that in AC ; to the same scale as that on which 
the sides of the triangle XYZ, represent the original forces 
acting at the joints A, B, C. The figure ABC is called 
the " tiame diagram," and the figure XYZ the " stress 
diagram." The lines which in the former make a closed 
polygon are represented in the latter by lines meeting in 
a point, and vice versa; so that they may be colled 
reciprocal Jiffurea. This is the basis of the method of 
diagrams applied by the late Prof. Clerk Maxwell to the 
determination of the relative valaes of the stresses on the 
several parts of any framework, such as a roof-trnss, 
lattice-girder, &c. (See paper by J. C. Maxwell read at 
meeting of British Association, 1867.) An example of 
its application to iron roo& will be found at section (67). 

4. MoMHUTTS, — It is often necessary in the solotion of 
mechanical problems to ascer- „:„ ^ 

tain the effect of a force upon 
a body with respect to some 
point throngh which its direction 
does Tiot pass. Let the forces 
P, Q, and E act at A (fig. 4), 
and be represented by the lines 
AB, AC, AD. Let be some ] 
point which is not in the direc- 
tion of either of these forces ; draw Ob perpendicular to AB ; 
Oc to AC ; Orf to AD ; then the product of the force P into 
the length Ob is called the " moment of P about O ;" the 
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product of Q into Oc is the momait of Q ahotd 0; and the 
prodact of R into Qd is the moment o/R ohovt 0. More- 
over, by the principles of geometry it can be proved that the 
moment of the resnltant B about is equal to the sum of 
the moments of P abont and of Q about O. The tnoment 
of a force abont any point measures itB tendency to produce 
rotation round that point. Whenever two forces act in 
any directions upon a body having a fixed point, they will 
be in equilibriom if their mo- 
ments about the fixed point 
are equal, but tending to rota- 
tion in opposite directions. 
Thus, if we have a straight rod 
AB (fig. 5) resting on a fixed 
point C, and a weight F is ap- 
plied at one end A, and a weight Q at the other end B, these 
weights will balance each other if P x AC = Q x BC, 
In this we havethe principle of the lever, for by moving 
C, the fnlcmm, near to B, we can make a small weight 
at A balance a large one at B. The weight P which 
wiU balance a given weight Q is determined by the 
equation 

If the fiilcrum C is placed at one end of the lever, and Q 
acts at a point B between A and C, the forces F and Q mnat 
be in opposite directions in order that they may balance, 
bnt the same relation exists between them; that is to say, 
P X AC = Q X BC. 

The theory of moments is constantly applied in all the 
investigations into the principles of scientific construction, 
and therefore requires to be tiiorooghly anderstood by the 
architect 
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6. Couples. — ^WLeD two parallel forces P and Q act 
on a body in the same direction bat at different points A 
and B (fig. 6), their reenltant B is eqaal to their snm, 
Fig. e. Fig. 7. 




and acta at a point C which is determined by the 
equation, 

P X AC = Q X BC. 

If the forces P and Q act in opposite directions (fig. 7) 
(Q being greater than P) the resultant R is equal to their 
diiference and acts in the direction of the greater force at 
a point C, determined as before by tho equation, 



P X AC = Q X BC 



or AC = 



_9_ 



: Q (AC-AB), 
X AK 



From this it will be seen that as P and Q approach 
equality, the point C goes farther and further away, so 
that when P=Q, C ia at an infinite distance, or there is 
no point of application of the resultant The two equal 
and parallel forces acting at A and B in the same plane, 
now constitute what ia termed a " couple ; " and the 
moment of P about B, or of Q about A, is called the 
momeni of the couple. The effect of a couple is to commu- 
nicate an angular motion about an axis perpendicular to 
the plane in which its forces act, which axis passes 
throogh the centre of gravity (6) of the body. Two 
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couples which act upon a body in the same plane, bat in 
opposite directions, will be in eqoilibrinm if their moments 
are equaL The effect of a conple npon a body is not 
alt«Ted by increasing or diminishing the forces of the 
conple, provided the length of its arm is diminished or 
increased in like proportion, so that the moment or 
product of the force into the length 

^'"'' ^' ^ of the arm, remains the same. The 

principle of couples enables us to 
shift the point of application of any 
forces acting on a body to a point 
about which they balance, an opera- 
tion which is often necessary in 
mechanical problems, and enables 
UB to simplify their solution. Sup- 
pose P and Q (fig. 8) to be two 
forces acting in the same plane on a body, and that their 
moments balance about a point A, so that 

P X AB = Q X AC, 

AB being perpendicular to the direction of P, and AC to 
that of Q. If we apply at A two equal and opposite 
forces, each equal and parallel to F, and call them F, 
and Pj, we shall not disturb the equilibrium ; also if we 
apply at A two equal and opposite forces, Q, and Q,, each 
equal and parallel to Q, the equilibrium is undisturbed. 
We now have the couples P. BA. P, and Q. CA. Q„ 
acting in opposite directions, and having equal moments, 
80 that they balance each other, and can be removed 
without affecting the equilibrium. We have, therefore, 
remaining only the forces P, equal to P, and acting 
parallel to its direction ; and Q, equal to Q, also acting 
parallel to its direction ; and these both act at the point 



CENTRE OF GRAVITY. 11 

A. Hence it follows that if two forces, acting in any 
direction on a body, balance each other about any point 
ia that body, they may be transferred to that point 
where they may be considered as acting with the same 
force as before, and in directions parallel to their original 
ones; and their effect npon the body is the same as 
before. This is an important principle in the investiga- 
tion of the effect which the thrust of an arch produces on 
its supporting pier (18). 

6, Centre of Gravity. — When two parallel forces 
act upon a body, we have seen in the last article that the 
point at which their resultant acts is found by equating 
their moments about that point. In the same way the 
position of the resultant of any number of parallel forces 
can be determined, by first finding the resultant of any 
two of the forces, and then of that first resultant and a 
third force ; and so on until there is only one force left, 
which is the resultant of all the forces. Now every solid 
body which is subject to the action of the earth's attrac- 
tion or gravitation may be considered as consisting of a 
number of heavy particles, the weights of which are 
parallel forces acting vertically downwards. There is 
therefore a point in every body about which all these 
parallel forces balance, and through which their resultant 
passes; this point is called the " centre of gravity " of the 
body. This statement is only strictly true for bodies 
which are very small as compared with the diameter of 
the earth, for the direction in which gravity or the earth's 
attraction acts is towards the centre of the earth, and the 
force of gravity also varies according to the latitude of 
the place; but as we have only comparatively small 
objects to deal with, we can, without any perceptible 
error, consider that the action of gravity on any solid 
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body is perpendicular to the surface of still water at that 
place, and is also uniform in force throughout the body. 
The position of the centre of gravity of any body is the 
same whatever may be the intensity of the force of gravity, 
and does not vary with change of position. In the case 
of a rigid bodj;, we may, in all mecbanical investigations, 
consider that its whole weight is collected at its centre of 
gravity, and if this point is supported, the whole body is 
in equilibrium. 

If a body is hung up loosely by any point, so that it 
can turn freely about that point, the centre of gravity 
will always be in a vertical or plumb-line dropt from the 
point of suspension ; hence we can readily find the position 
of the centre of gravity in an irregular plane figure by 
suspending it at two points, and the intersection of the 
plumb-lines dropt from each point will give us the position 
of the centre of gravity. 

In all regular figures, whose material is homogeneous, 
the centre of gravity is in the centre of the figure ; as in 
the circle, ellipse, polygon of equal sides, sphere, ellipsoid, 
and all regular solids. In the square and parallelogram 
it is at the intersection of the diagonals drawn from 
opposite comers. In any triangle its position is found by 
bisecting one side and joining the point of bisection with 
the opposite vertex, and measuring one-third of this last 
line from the bisected side, or two-thirds from the vertex. 
Thus in the triangle ABC (fig. 9) AP bisects BC, and 
GF = J AP, G being the centre of gravity of the 
triangle. 

Knowing the position of the centre of gravity (G) of 
the triangle ABC we can find that {g') of a part BCED, 
cut off by the line DE parallel to BC. The centre of 
gravity of the smaller triangle ADE is ^ on the line AF, 
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and is foond as abore. Let p' be the centre of graritj of 

the part BCEB, thia will also 

be on the line AF (the point F 

bisecting BC). "We may now 

consider the weight m of the 

triangle ADE as acting at ^, 

and the weight to' of the figure 

BDEC as acting at^'; then the 

moments of their weights must 

balance about Q, so that 



m X gG = 




, orG/ 



Now since w and 7tf are proportional to the areas of the 
figures, we may pat the ratio of the areas for that of the 
weights. If A is the area of the whole triangle, a that of 
the smaller one, we have, 



%'=2 



. = Gff. 



£xam2>le.— Let AE = J AC ; then A — 4a 

G^ = i AF, .-. G/ = i G^ - ^ AP 
F/ := FG - (V = i AF - ; AF = -J AF. 

Another method of finding the centre of gravity of a 
trapezium, is to divide it into two triangles, then join 
their centres of gravity, and the distance of the centre of 
gravity of the figure from that of any one of the triangles 
is inversely proportional to the areas of the triangles. 
Thus if ^ is the centre of gravity of one triangle whose 
area is A (fig. 10), ^' that of the other whose area is 
a, G the centre of gravity of the trapezium and situate 
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in the line gg\ ita position ia determined by the eqna- 
tioD. 



A X G^ = a X Gy", 



= ^%=!to'-C¥) 



Fig. 10. 



" "' - A + a -^ ='=" 

8o that ve have to divide the lioe gg' in the proportion of 

the two areas A and a. 

ExampU.—\j^\, ABCD (fig. 10) represent a trapezium 
having the two sides AD 
and BC perpendicular to 
AB;join AC; thentheareas 
Aandaare ae the bases AD 
andBC; let/ be the centre 
of gravity of the triangle, 
ABC, and y that of ACD; 
ysmgg'. Prodnce AD to E, 
making DE eqnal to BC ; 
at £ draw a line EF, 
making any angle with AE, 
and take EF = g^ ; join 
AF, and draw DH parallel 

to AE; then EFis divided in the ratio of A : a; and Q- is 

found by making gQi — EH. 

The general formnla for the centre of gravity of a body 

which can be divided into two parts whose masses are Mj, 

and S^, is 

_ M, x^ + M , g| 
^ - ~M, + if, ' 

where x, ic, and x, are the distances of the centres of 
gravi^ of the whole and of the two parts respectively. 
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measured from any fixed point that may be most con- 
venient. Or if Xy is required, 

(M. + M,) iF - M, *, 

*•= m; 

Example. — ^Apply this formala to find / in fig. 9, tha 

point A being that from which x is meaeured ; then since 

the masses of the triangles are as the squares on AF and 

AH, 

, AP - AH*, 
Aff' = 



^ AF" - AH- 



and if AH. = J AF, 

A^' = 3 1 



Fig. 11. 



I AF = ^ AF 

.-.F/ = AF - A/ = ^AF. 

To find the centre of gravity (Q) of any solid pyramid 
or cone whoae vertex is A. First find ff the centre of 
gravity of the base ; join Ay, and take ^Gr = i Ay. That 
of a thin hollow cone is found by taking ffOt — J Aff. 
That of a solid hemisphere is found 
by measuring | of the radius above 
the centre. That of a thin hollow 
hemisphere is half way between the 
centre and the vertex. 

Suppose it is required to find the 
centre of gravity G of the section of 
an iron girder (fig. 11), consisting of 
three rectangles whose respective areas 
are a, b, c, and of which m, g, and g' 
are the centres of gravity, and AB tiie vertical axis. Let 
« be the common centre of gravity of m and g, found fiom 
the equation 
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b.gn 



or, ffn = 



= a{mg - gn) 

a 
,m,. 



which ^ves the positioD of the centre of gravity n of the 
two rectaDgles ACD. We can now find & the commoQ 
centre of gravity of n and g', hy the equation 

c X Gy' = (a + h) Gn 

= {a + b){nff' - Gf) 
a + I 



, G/ -. 



-ng 



■ gn +gg' 
: Bg' + Gg'. 



As an example, let a =3 x 1, ^ = 
Fig. 12. thenwi^ 



U; 



X 1, c = 8 
H,ng=i,ng 
Gg' =.H» BG = V 

Let it be repaired to find 
the centre of gravity G of , 
the circular arc EC (fig. 12), 
whose centre is and radius 
r, subtending the angle EOC 
at 0. The point G will be 
in the radius which bisects 
the angle EOC, and its dis- 
tance from varies as the 
siTie of half the angle, and 

inversely as the angle. Fatting K for this ratio we find 

G from the equation 

OG = K . r, 
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the value of K for diflferent angles being given in the 



following table : — 



Angle EOC. 


Value of K. 


10° 


•999 


20 


•995 


30 


•989 


40 


•980 


60 


•969 


60 


•955 


70 


•939 


80 


•921 


90 


•900 



To find the position of g^^ the centre of gravity of the 
sector EOC, we have 

If ^2 is the centre of gravity of the sector FOD, whose 
radius is E, then 

Og, = i KR. 

Having determined the centres of gravity of the two 
sectors we can, by means of our previous methods, find 
the centre of gravity G of the arch DCEF. For since the 
areas of the sectors are proportional to the squares of 
their radii, we have 



Gg,= 



X gigi 



where g^2 = Og^ - Og^ 
and OG =: Og^ + Gg^ 

If the thickness DC of the arch is small, as compared 
with the radius OC, the position of G will very nearly 
correspond with the centre of gravity of an arc whose 
radius is r + J DC, as shown by the dotted line ab. 



J» 
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7. Stability of Stbuctures. — A knowledge of tlie 
positioii of the centre of gravity of any wall or other 
strncture, eaables us to determine whether it is in a 
condition of stability or of instability ; that is to say, 
whether it is in such a condition as to be able to resist 
an additional force being applied to it in any direction 
without being overthrown ; as well as the exact amoant 
of force which will be re- 
qoired to overtom it. If 
a plumb-line dropt from 
the centre of gravity of a 
body falls mtkin the base, 
that body is in a con- 
dition of stability, but if 
any force is applied to it 
which causes the plumb- 
line to fall outside the base, 
the body will be over- 
turned. Let figs. 13 and 
14 represent the section of a wall which is out of the 
perpendicular ; the weight W acting at the centre of 
gravity will have a moment about A, namely W x Aa, 
which in fig. 13 tends to keep it from falling, and in fig. 14 
tends to overturn it. 

If a force F, equally distributed over its whole surface, 
such, for example, as that of the wind, is brought to bear on 
thewallinflg.l3,itwUlhaveamoment,FxiAC,tendingto 
overturn the wall about A; and if the valne of this moment 
is greater than that of th e moment W x Aa, the wall will fall 
over. The pressure of the wind on a vertical surface is some- 
times as greata8401bs.peraquarefoot(84), and its resultant 
may be taken as acting at the middle of the wall. If, then, ^ 
is the height of the wall, the pressure of the wind (F) at 
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the middle for one foot length of wall is 40/< ; and the 
moment of F about A is 40 77, or 20/('. 

Let Tc be the weight per cnhic foot of the wall, t its 
thickness, Aa = x; then the moment of the weight about 
A is w.h.t.x. ; if this is greater than 20/*' the wftll will 
stand, and if less it will fall over. For example, let 
^—40 ft., i=5ft., ro=1101b8. When the two forces 
just balance, we have 

20 X 1600 - 110 X 40 X 5 X a;; or^ - IJ ft. 

Therefore, in this case the plumb-line from Q- must fall 
more than \\ ft. within the base, otherwise the wall will 
be blown down by a storm of wind exerting a force of 
40 lbs. per square foot of surface ; so that the top of the 
wall must not in this case project 
more than 2 ft. beyond the base A. 
The stability of a lofty factory ' 
chimney may be determined in this 
manner. It can be shown (84) that 
the pressure of the wind on a circu- 
lar chimney stnlk is to that on a 
sqpare one of the same diameter in 
the ratio of 2 to 3. 

We will now apply the foregoing; 
principles to a case which frequently 
occurs in building, namely, that of a 
mass of masonry " corbelled-out " 
from the face of a wall, as HK from 
the face HDC of the wall AC (fig. 15). 
Suppose the figure to represent the section of snch n 
structure, the centre of gravity of the wall ABCH will be 
at Cr, and a vertical therefrom Qta will cut the base BC at 
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the point a, the wall being in a condition of stability. If 
we now add on the projecting portion HK, the centre of 
gravity of the whole mass will be moved to ,9, and the 
perpendicular gh will cut the base of the wall at i, which 
is nearer to the edge C than the point a, consequently the 
structure will not be in so stable a condition as it was 
without the projection, since the lever arm bG is less than 
the lever arm aG. 

The '' Metropolitan Building Act " allows a builder to 
corbel out a chimney stack above a certain height the full 
thickness of the wall, so that if HF = AH, the figure will 
represent the section of such a structure ; and if we con- 
sider it with regard to the base line BC, it will have a 
moderate amount of stability. We will, however, suppose 
that there is a joint in the masonry at ED, and consider 
the mass above EK as simply resting on ED. The centre of 
gravity of this mass will be at g' on the line HD, and the 
weight will consequently just pass down the faceof the wall, 
so that the least pressure against the back AE of the wall 
would overturn it about D, unless the cohesion of the bed 
of mortar or of cement at ED was suflScient to resist that 
pressure. We see then that a structure of this kind is in 
a condition bordering on instability, and is only kept from 
falling by the cohesion of the cement or by the resistance 
offered by the lateral extension of the wall on each side of 
the projection. Where the width of the projection is only 
small as compared with that of the wall, such a structure 
will stand in perfect safety; but where the chimney breast 
extends nearly the whole length of the wall, as is the case 
in some lofty London houses, there is a great tendency to 
overturn the wall about the line ED, which is only checked 
by the resistance offered by the other walls abutting at 
right angles to it ; and if these abutments should at any 
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time be removed, there will be nothing to prevent the 
chimney-stack from palling the wall over. It therefore is 
cBsenttal to the stability of walls that a limit shonld be pnt 
to the corbelling ont of snch projecting maases. 

The effect prodnced by a "buttress" is just the opposite 
of what has been described above, and will be seen by 
reversing the figure ABCDK (fig. 15), and supposing AF 
to be the base and BC the top of the wall. In this cajie 
the moment of the weight of the wait and buttress DF 
abont F increases in proportion to the width of base AF, 
white the moment of a horizontal force acting at the top 
B of the wall, and taken about F, remains the same; 
consequently the stability of the structure increases with 
the width of the base. In cases where the pressures come 
upon the wall at intervals instead of being uniformly 
dtstribnted along the entire length, it is therefore more 
economical to throw out buttresses at the points of 
greatest pressure, than to increase the thickness of the 
whole wall. 

8. Stbains IK Beams. — Let AB (fig. 16) be a beam ot 




length (l) fixed in a wall at A, and loaded with a weight 
(W) at B. Then the " strain " upon any part D of the 
beam at distance x from B is by (4) represented by the 
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moment of the weight (W) about the point D ; that is, if 
we call M the moment of strain at D, we have 

M=zW.x 

and the moment of strain at the point A, next the wall, 
is 

M = W . /. 

The strain, therefore, at any point is proportional to its 
distance from B. If we take CA vertical and make it 
represent the value of W. I on any convenient scale, and 
join CB, then the ordinate DE at any point (D) will re- 
present the moment of strain (W . «) at that point to the 
same scale as AC represents W . /. 

Suppose the weight (W) instead of being applied at 
one end of the beam AB, to be distributed uniformly over 
its entire length, w being the weight per unit of length, 
so that w . / = W. Then the weights acting on each 
unit of length will be so many equal and parallel forces, 
and their resultant (5), which is equal to their sum, must 
act at the middle of the beam. Now W equals the sum 
of all these forces, and its point of application is therefore 
at the centre of the beam. Therefore the moment of strain 
upon the point A is 

2 2 

The moment of strain upon any other point D of the beam 
at distance x from B is 

'•=?^- 



If, then, we draw AC (fig. 17) vertical and make it 
represent on any scale the value J W . ^, and draw a 
parabola CB having its vertex at B, the ordinate DE at 
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distADce iT from B will represent to the same scale tbo 

value of the moment of strain at the point D. If AC 

does not exceed i AB, 

an arc of a circle may 

be substituted for the 

parabola BO, without 

material error. 

Comparing the strain 
prodnced hy the weight 
W concentrated at B, 
with that produced by 
the same weight uni- 
formly distributed, we see that the strain in the former 
case on any point is double the strain in the latter case, 
so that a beam will bear twice as much when the load ia 
uniformly distributed as it will when the load is concen- 
trated at one end. 

When the beam AB is loaded at one end wltb a weight 
W, and lias also a dis- v m 

tributed load jd . I ia 
bear, the diagram rep- 
resenting the moment 
of strain at any point 
is a combination of 
the two previous fig- 
ures. In fig. IS let 
DAG be drawn at right 
angles to AB, take 
AD equal to W . /, 
AC equal to ^ n: . ^. 

Draw the parabola CB, or an arc of a circle if AC is less 
than J AB, and join DB. Then the moment of strain at 
any point at distance x from B is represented by the 
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ordinate £F. The moment of the strain at that 
point is 

And the moment of the atraiQ at A is 

M - W . i + J w . i\ 

Now take the case of a heam AB (fig. 19) supported at 
the two ends and loaded at any intermediate jwint T) at 
distance a from A, and distance 6 from B. Suppose the 
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forces P and Q represent the vertical reactions at A and 
B caused by the weight W. Then if the point where W 
acts is supposed to be a fixed fulcrum, and weights equal 
to P and Q are placed at A and B, the beam will be 
strained in the same manner as at first supposed, and 
Q . d will be the moment of strain at D. Also by taking 
moments about A we have 



If X is the distance from A or B of the points E ot F, 
the moment of strain at the point E is 



STKA1N3 IN BEAMS. 



.b 



and the moment of strain at the point F is 
M = W £-^f . 

To tlraw the diagram of strains, take DC vertical 

nnd equal on scale to W-^; join CA, CB, then the 

ordinates EK, FL represent the momeDts of the strains 
nt E and F. 

If the point D ia the middle of the beam, the moment 
of strain at that point is i W . /; since a ^ b — \ I, and 
the moment of strain at E or F is J W . x. 

Let the weight (W) be nniformly distributed over the 
whole length of the beam AB (fig. 20). Then it can be 




shown by reasoning similar to that just employed, that 
the moment of strain nt any point E at distance x from 
A or B is 

^ W x{l.-x) , ,, 

"2 / - J ® ■ * (^ - ^) 

if W = TP . ^, or Ml is the weight per nnit of length ; the 
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moment of strain at D is found by making x = ^ ly and 
is 

Comparing tliis with the last example, we see that the 
strain at the centre, when W is concentrated there, is 
twice as great as when it is uniformly distributed. 

To draw the diagram for the strains produced by a dis- 
tributed weight at any part of the beam, take DC to 
represent on scale the quantity ^W.ly draw a parabola 
ACB having its vertex at C ; or if DC is not more than 
J AB, a circular arc with its centre on the line CD pro- 
duced may be substituted without material error. Then 
the ordinate EF will represent the moment of strain at 
any point E, to the same scale as DC is drawn. 

For methods of drawing the parabola and other curves 
the reader is referred to the Author's Treatise on " Prac- 
tical Geometry for the Architect"* 

The delineation of diagrams in several other arrange- 
ments of load will be found in Humber's " Handy-book 
of Strains," * but the above-mentioned are the principal 
ones that occur in ordinary buildings. 

9. Shearing. — ^There is another kind of strain which 
is produced in a loaded beam, called the "shearing force," 
or the vertical action of the straining weight transmitted 
along the whole length of the beam, and tending to cause 
contiguous portions or sections to slide vertically upon 
each other. 

When a beam is fixed at one end and loaded at the 
other with a weight W, that weight represents the 
aliearing force produced at every point along the beam. 

* Lockwood and Co. 
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If tho weight {W = n? /) is aDiformly distributed almig 
the beam AB (fig. 21), so that w ie the weight on each 
unit of length; then 

the slteariwj force at Fift, 2i . 

any point D at distance 
X from B is ic. a:, which 
is the load on the part 
of the beam betweea E 
and D. And the shear- 
ing /orce at A is W; 
If we take the vertical 
line AC to represent 
W, and join CB, then 
the ordinate DB will represent the slieariwj force at any 
point D. 

"VVlien a beam AB of length I is sapported at each 
end, and loaded with a weight W at any point C, at 
distances a and b from A and B, the alteariny force 
developed at every point between C and A will be repre- 
sented by W y ; and at every point between C and B by 

H. 

and the shearing 
force at every point 
will be J W. 

When a beam 
AB (fig. 22) of 
length I is uni- 
formly loaded with 
a weight (W =: 
n> , I), the shearing 
force at A and B will be represented hy ^ m . I, and at any 
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point at distance x from either end it will be represented 
by w (J / — x). Therefore, at the centre, where a: = J /, 
the shearing force will be zero. If, then, the verticals AC 
and BD are taken to represent the quantity \ W, and we 
join CE and DE, the ordinate FK or GL will represent 
the shearing force at F or G. 

10. Neutral Axis. — ^Whenever a beam of any elastic 
material is supported at its two ends in a horizontal 
position, and loaded in the middle, it is subjected to a 
transverse strain, whereby the fibres or particles in the 
upper part are compressed, whilst those in the lower part 
are extended. Also the fibres nearest the top are more 
compressed than those lower down in the beam ; and the 
fibres near the bottom are, on the other hand, more 
extended than those which are higher up. Hence it 
follows that there must be a layer of fibres or particles in 
the interior of the beam, which is neither extended nor 
compressed ; and this layer is called the " neutral sur- 
face " of the beam. If we take a vertical section through 
the middle of the beam, the line in which the neutral 
surface cuts that section is called the " neutral axis," 
and may be considered as passing through the centre of 
gravity of the section, provided the strain upon the beam 
is not sufficient to injure its elasticity. Some very care- 
fully-made experiments by Mr. Barlow, which are de- 
scribed in the Transactions of the Royal Society and in 
Barlow's treatise on Strength of Materials,* show that in 
cast-iron beams of rectangular section the neutral axis is 
at the centre of the section of the beam even when 
strained with weights amountiug to three-fourths of 
the breaking weight, and that its position is not sen- 

* Locljwood and Co. 
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sibly altered by variations in the amount of the straiu 
applied. 

11. Elasticity. — When any substance is strained by a 
force applied in any manner, it will be found that its 
dimensions are altered during the application of the force ; 
and such a body is said to be perfectly elastic if, when the 
action of the force ceases, it will return exactly to its 
original dimensions. No substance, however, can be con- 
sidered perfectly elastic, since some permanent alteration 
in size and shape is produced whenever a strain is applied. 
Nevertheless, in practice the alteration is generally of so 
slight a character when the strain is much less than 
suificient to produce fracture, that bodies are generally 
considered elastic so long as the strains to which they are 
subjected do not exceed a certain amount, called the ^' limit 
of elasticity." If we take a prism of any material having 
one square inch of section, and subject it to a longitudinal 
strain by a force S, the change in its length will be pro- 
portional to the amount of force applied, as long as the 
limit of elasticity is not exceeded. Let / represent the 
original length, x the change in length produced by the 
force S, E a constant depending on the nature of the 
material of which the prism is composed ; then it is found 
that, 

X : I :: s : E 

or, E = S X — . 

X 

The constant E is called the " modulus of elasticity," and 
its value is determined by experiment for various sub- 
stances. If we put aj = Z, we get E = S, or E is the force 
that would stretch a body, whose section is one square 
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incli^ to doable its lengthy if such a thing were pos- 
sible. 

121 Moment of Inertia. — If we suppose any area or 
plane surface to be divided into a very large number of 
indefinitely small particles, and call a the area of any one 
of such particles, x its distance from any given line or axis^ 
then the product aoi? is called the " moment of inertia " of 
that particle about the given axis, and the moment of inertia 
of the whole surface is the mm of all possible values of 
a.af. This is found by means of the integral calculus 
when the outline of the surface is a known geometrical 
figure. The formula for the moment of inertia of various 
geometrical figures is given in treatises on dynamics with 
respect to various axes. In the present work we shall 
only require to know it for two simple figures, and the 
axis will be taken through the centre of gravity. 

Let the area of the figure be rectangular, having the 
depth d and breadth b ; then the moment of inertia (I) of 
a rectangle about its centre of gravity is found to be 

I = Vt hd\ 

If we have a hollow rectangular figure or a beam of I 
section (figs. 49, 50, 51)* in which t is the total thickness 
of the web or vertical portion, d^ the clear depth between 
the top and bottom flanges, we find the moment of inertia 
about the centre of gravity to be, 

I =^^{b.d^-{b-t)d^). 

When a beam is fixed at one end and strained by a load 
at the other end, it assumes a curved form as CD (fig. 23). 
Let AB be the neutral axis of the section (10), OA and 
OB the radius of curvature of AB, then the fibres above 

* Page 146. 
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AB are extended and these below it are compressed Id 
proportion to their distance from the neutral axis. Draw 
Ac parallel to OB. Let a be the area of section of any 

Fig. 28. 




fibre at a distance Ali ~ x from the neutral axis, which 
is elongated by the amount ab by a force ^; its original 
length being equal to AB ; then by (11) we have 

■ ^ 
ab 

ah 



E . a = /) ' 



Tlie moment of p about the neutral axis is — 



and the same for the other fibres in the section ; so that, 
the whole moment of resistance (M) is 
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M = p.X + p'x' + . . . . 

= /x r (^^ + «^" + ....) 

= A X I 

OA 

where I is the moment of inertia of the section taken 
abont the nentral axis ; and by similar triangles^ 

cd : Ac :: AB : OA, therefore we have, 

Ac AB 

cd 
But by (11) E -^ = S, the force per square inch pro- 
ducing the elongation cd; if then we put Ac = z the 
distance from the neutral axis of the most extended or 
compressed fibre, we have 

M = S - . 

/>» 

13. Friction. — When we attempt to slide a heavy 
body along the surface of any other solid material, we 
become conscious of a considerable resistance being 
offered to its motion, which it requires a certain amount 
of force to overcome. This resistance to motion is de- 
nominated " Friction," and is found by experiment to be 
proportional to the pressure which the two bodies in con- 
tact exert upon each other, but is independent (except in 
extreme cases) of the extent of area of the surfaces in 
actual contact. The resistance also depends very much 
on the roughness of the surfaces ; for if we examine with 
a magnifier the surface of a piece of worked stone, which 
to the unaided vision appears to be smooth and level, we 
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shall find that it really consists of a number of hills and 
valleys, so that when two such surfaces are brought in 
contact the hills on one surface become interlocked with 
the valleys on the other, as in the case of toothed wheels, 
and it is not until the pressure which one set of hills 
exerts on the other has worn them both down to a level, 
that one body is enabled by the applied force to move 
over the surface of the other. Friction may, therefore, be 
looked upon as the reaction (1) of the projections upon 
one surface against those of the other. Hence it is that, 
when two bodies are rubbed together, fine particles of each 
substance are found to be lying loose upon their surfaces, 
these being the small hills above mentioned, which have 
been rubbed down by the pressure. 

If P is the perpendicular pressure of one body on 
another, and we put F to represent the force of friction, 

then the ratio — . represents what is called the coefficient of 

friction for the particular surface and material, being de- 
termined experimentally for different substances in the 
following manner. Let the body be placed upon a plane 
surface, AB, which is movable about the point A, and let 
the plane AB be tilted up about A through an angle a 
until the body is just upon the point of sliding down 
the plane; the angle a at which sliding is about to 
conmience is called the " angle of repose," and we find 
that 

— = tan. a, 

for which the symbol /a is generally employed. Knowing 
then the value of /x or tan. a, and also of P for any par- 
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ticular substance, we at once get the force of friction, 
namely, 

F = F.fx = P. tan. o. 

The value of the coefl&cient of friction jx for dry 
masonry and brickwork — that is to say, without a bed of 
mortar — is about '65, the angile of repose a being 33°. 
For the same materials put together with mortar, the 
value of /Lt while the mortar is fresh is '75, the angle of 
repose being 87°. In other words, the force required to 
move a piece of stone or brick along the lecel surface of a 
similar substance is two-thirds of its weight in the former 
case, and three- fourths of its weight in the latter case, 
when there is a bed of wet mortar interposed between 
them. If the mortar has been allowed to set, the force 
of cohesion (14) will come to the aid of friction, and the 
resistance will be greatly increased. Friction is one of 
the most important forces with which the architect is con- 
cerned, as upon it a great deal of the stability of his 
buildings depends. 

14. Cohesion is that force of attraction existing between 
the particles of a solid body, or between those of two sub- 
stances in close contact with each other, which prevents 
them from being separated without the exertion of a 
stretching force acting in the opposite direction to the 
force of cohesion. In the operations of building a num- 
ber of different materials are brought together in such a 
manner as to form one compact structure, and these are 
held together to a great extent by the force of cohesion. 
For instance, cement or mortar is employed for the pur- 
pose of uniting stones and bricks so as to form a solid 
wall, and in considering the stability of the structure we 
have to ascertain the cohesive strength not only of the 
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stones or bricks themselves, but also of the cement with 
which they are united. Now as it is a well-established 
rule of mechanics that the actual strength of any body or 
structure never exceeds the strength of its weakest part, 
it is of little use to have the cohesive power of the cement 
greater than that of the stone or brick, or to have that 
of the stone or brick very great when the cement which 
unites them has but little cohesive power. For example, 
the cohesive power of stone and brick varies from 300 to 
500 lbs. per square inch of section ; that of Portland 
cement, when thoroughly hardened, is about 300 lbs. per 
square inch when mixed with twice its bulk of sand, and 
600 lbs. when used neat. The cohesive strength of cast- 
iron, or its resistance to tensile strain, is about 7 or 8 tons 
per square inch of section, while that of wrought-iron is 
about three times as much, and that of steel from 30 to 
40 tons per inch. The cohesion of the fibres of wood is 
greater in the direction of their length than transversely 
to it, which arises from the nature of its structure ; and 
the resistance to tensile strain is generally much greater 
in timber than the resistance to compression. 
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CHAPTER II. 

BBTAINIKG WALLS. 

16. When an embankment of loose earth is left to 
itself it assimiea a gradual incline, which is called its 
Tiatural slope; and the angle which tbis slope makes with 
the horizon is called the " angle of repose," and varies 
according to the adhesive qoalities of the component parts 



Fig. 24. 




of the soil, from about 20° for wet clay to 55° for compact 
earth. When, therefore, earth is filled up against a ver- 
tical wall, the pressure sustained b; the wall is that of the 
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wedge of eartli which lies above the natural slope. Thus, 
in fig. 24, if AD is the section of a wall against which the 
earth is filled up, BE the natural slope making the angle 
<l> with the horizontal, the wall has to support the pressure 
of the triangular mass of earth BDE. Let P be the 
pressui'e of the earth perpendicular to the face BD of the 
wall, acting at a point K, the position of which is to be 
hereafter determined. Let k be the height BD, t the 
thickness AB, supposed uniform, w the weight of a cubic 
foot of earth, w' that of a cubic foot of the wall. Now 
the earth between BE and BD may yield in any line as 
AX making, say, the angle with the horizontal, and the 
problem is resolved into determining the value of 6y which 
gives the greatest value to P. If Q is the weight of the 
triangular piece of earth BDE, we find, from the prin- 
ciples of the inclined plane, that 

P = Q . tan. (tf - <^) 

= J w/i\ cot. . tan. ($ — <f ), 

if we take 1 foot in length of the wall. Now this quan- 
tity is found to be greatest when 

which gives us for the value of P, 

P = J w/i\ tan.' (45^ - ^\ 

h' . ,/DBE\ 
zn n> — tan.' I 1 . 

2 \ 2 / 

Referring to the case of the pressure of water against the 
side of a tank (73), we find that F being that pressure, 
and w the weight of a cubic foot of water, 

2 
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80 that P may be considered as the pressure of a mass of 
liquid, of which the weight per cubic foot is 



w 



• **°' (-2-) ' 



And as the pressure increases uniformly from the top of 
the wall downwards, the position of the point at which 
the resultant of the forces acts must be that of the centre 
of pressure (74), as in the case of water, at a distance of 
one-third of the height of the wall from the bottom, or 

BK = i h 

The force P tends to overturn the wall about its outer edge 
A, and the force which resists it is the weight W of the 
wall itself acting at G, its centre of gravity ; the moments 
therefore of W and P, taken about A, must balance each 
other in order that the wall may be in equilibrium. In 
practice, however, it will not do for a wall to be only just 
in equilibrium with the forces acting on it ; and to secure 
stability, it is usual to take the moments about a point S 
within the base, where AS = \L 

The moment of P about S is J P./^, and that of W 
about S is I w'lil^ ; and if we equate the moment of P 
with that of W, we obtain the following formula for the 
thickness t of the wall : 

DBE 



^ = I / — , h . tan. — 



DBF 

The values of tan. —^j— for different angles of repose are 

given in the table at the end of this chapter, as well as 
the corresponding values of ^, as calculated from this 
formula. 
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If we take CF = 8AS, and make AF the face of the 
wall, we shall find that the centre of gravity {g) of this 
wedge is exactly over S, so that the value of the moment 
of its weight about S is zero ; but the wall will still have 
the same stability or powet of resisting the force P, while 
T^ths of the masonry will be saved. In this case the 
position of G has been shifted further back, so that the 
lever arm SL of W is increased in the same proportion as 
W itself is decreased, or the moment of W about S 
remains unaltered. 

A further increase to the resistance of the wall is ob- 
tained if we take the wedge ACF from the front of the 
wall and place it in the position BDH at the back, for in 
this case we find 



i=z|-f J'^^ i%. tan. 



2 

DBE 
2 



Comparing this result with that obtained above, we 
see that the thickness may be ^ths of that which is neces- 
sary when the wall is vertical at the back. 

16. When, instead of being level at the top of the 
retaining wall as at DE, the earth is sloped at the angle 
of repose as DE', we have to find the angle 6 which BE' 
makes with the horizontal when the pressure P of the 
triangular piece of earth BDE' is greatest against BD. 
Putting Q for the weight of the earth, we have as 
before 

P = Q • tan. (tf - </>) 

COS. (6 — if) 
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which has the greatest value when ^ = ^, in which case 

V = \wh^ ' cos.'<^ 

and the moment of P about S is 

J P • hz=.\7cK • cos.'<^. 

The moment of W is as before 

W X SL = f w' • /^ • r 

Equating the moment of P with that of W, we get for the 
thickness t' of the wall, 

r = f /-, • ^ • cos. <^ 



t 



The values of cos. ^^ for different angles of repose, and the 
corresponding values of ^', as calculated from this formula, 
are given in the table below. 

In the following table the values of t and t' are calcu- 
lated on the supposition that the retaining wall is of 
rectangular section and built of solid concrete whose 
weight per cubic foot (w') is 1401bs. Or where the wall is 
battered on the face as AF, ^ or ^ will be the thickness of 
the wall at AB, the thickness FD at the top being \ AB. 



Kind of Earth. 


10 in lbs. 


* 


^ DBE 


cos 


t 


f 


Compact earth 


126 


55» 


•316 


•674 


•20^ 


•36/1 


Dry do. 
Shingle . . 


120 


46» 


•414 


•707 


•26^ 


•44^ 


112 


40» 


•466' 


•766 


•28^ 


•46A 


Dry sand 


100 


40' 


•466 


•766 


•26^ 


•43A 


Dry clay .• . 


120 


40' 


•466 


•766 


•29^ 


•47A 


Wet do. 


130 


20" 


•700 


•940 


•46A 


•6U 


Gravel . . 


110 


80' 


•677 


•866 


•847i 


•6U 



Those of our readers who wish to study this subject from 
a theoretical point of view are referred to an article in the 
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Philosophical Transaxitions for 1866, " on the stability of 
loose earth," by W. J. Macquorn Rankine, F.R.S., the 
subject of which is the mathematical theory of that kind 
of stability which in a mass composed of separate grains, 
arises wholly from the mutual friction of those grains, and 
not from any adhesion amongst them. The investigation 
is based on the following ^* Principle " : — " The resistance 
to displacement by sliding along a given plane in a loose 
granular mass is equal to the normal pressure exerted 
between the parts of the mass on either side of that plane, 
multiplied by a specific constant." This "specific constant" 
is the coefficient of friction of the mass, and is regarded as 
the tangent of the angle of repose. 



CHAPTER III. 

ARCHES ; CUPOLAS ; SPIRES. 

17. The Arch, which we now propose to consider, is a 
structure consisting of a number of wedge-shaped stones 
called "voussoirs/' arranged in the form of a circle or 
other geometrical figure, resting upon two piers, and 
carrying a wall or other superstructure. These Youssoirs 
are kept in their place by their mutual pressures which 
are brought into play by their own weights, together with 
that of the superstructure, and by the resistance offered 
by the piers or abutments. If a straight line is drawn 
through the bed joint of each voussoir which shall repre- 
sent the resultant of the pressures upon that joint, a 
polygon will be formed by the lines representing the seyeral 
resultants ; the curve which touches all the sides of 
the polygon is the " line of pressures " of the arch, and 
the points where it cuts the joints are the '* centres of 
resistance." If we divide the depth of the joints into four 
equal parts, the centres of resistance ought to lie in the two 
middle divisions, in order that the joint may not have any 
tendency to open either at its outer or inner edge. Also 
the line of pressures must fall within the thickness of the 
piers. The depth of the voussoirs also should not be less 
than one-thirtieth of the span in a semi-circular arch, 
otherwise the arch will give way by the opening of the 
joints. It is also desirable that the mean pressure upon 
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any joint ehotild not exceed one-twentieth of the nltimate 
resisting power of the material composing the voussoirs. 

If a tranaverfie section is made of a cylindrical arch, the 
inner curve is called the " intrados," and the outer curve 
the "extrados." 









Fi;t. 25. 


Vie. 2n. 






^riU 








■ 


1 






^^^^^^^^1 


^^1 



The following example will explain more fully what 
has heen just stated, and will serve to elucidate the 
principles npon which the stability of an arch depends. 
Let ABCD (&g. 25) represent the section of half a 
semi-circnlai arch carrying a wall or " surcharge," whose 
snmmit is the horizontal line HI. The arch is kept 
in a condition of stability hy the pressure K at D of the 
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other half-arch, by the weight W of the portion between 
DC and EF and its surcharge, and by the weight Q of the 
abutment HV. The joint EF, which makes an angle of 
30° with the horizontal, is called the "joint of rupture," 
for reasons hereafter explained. Let the arch between 
EF and CD be divided into any number of voussoirs. In 
the present case we divide it into only three voussoirs for 
the sake of simplifying the problem. Take DC and FE 
equal to half the depth of the voussoirs ; then, as before 
mentioned, it is requisite that the line of pressures shall 
fall between the dotted lines CE and DF. Find the centre 
of gravity, G, of the arch ED and its surcharge, by one of 
the methods previously given (6) or by the method given 
in (19), and let P be the weight of this mass represented 
by the area of the section. Find also the centre of gravity 
of each of the portions into which the arch and surcharge 
are divided, and let the weights or areas of each hep, q, 
and r. The force N is determined from the equation 

Vn 

and its direction is horizontal, and meets the vertical ap 
from the centre of gravity of the first voussoir and sur- 
charge in the point a. Let the horizontal line KL (fig. 26), 
represent N on any scale ; draw the vertical LX, and take 
LM as the weight or area p on the same scale ; then KM 
will be the resultant of N and p. Draw ah parallel to KM 
meeting a vertical from the centre of gravity of the second 
voussoir and surcharge in h. Take MR (fig. 26) to 
represent, on the same scale as before, the weight or area y, 
then KR will be the direction and magnitude of the 
resultant of N, p and q. Draw Ic parallel to KR meeting 
the vertical from the centre of gravity of the third voussoir 
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and surcharge in c. Take RU (fig. 26) as tbe weight or 
area r, then KU represents the resultant of N, p, y, and r, 
or of N and W. Draw cd parallel to KU meeting the 
vertical from the centre of gravity of tbe pier TH in d, 
and let UX (fig. 26) be the weight Q, of the pier, on the 
same scale as the rest ; then KX will be the resultant of 
all the forces N, W, and Q, both in magnitnde and 
direction. DrawrfS parallel to KX, then if the point S 
Jalls within the base of the pier there will be stability ; 
but if it falls outside or beyond the edge V, the structure 
will be unstable and will bo pushed over by the thrust of 
the arch. The points where the lines ad, be, cd, cut the 
joints of the voussoirs are the centres of resistance, and 
are situated npon the line of pressures. By help of such 
a diagram we can determine whether any arch of given 
dimensions is in stable or unstable equilibrium. 

18. The main object aimed at in the inveBtigatioDs of 
the arch is to find what thickness must be given to tbe 
abutments in order that they may be strong enough to 
resist the thrust of an arch, of which the span and depth 
ofthevoussoiraisknown, ^.^^ ,_. 

as well as the height of 
the piers and of the super- 
structure. 

In order to understand 
the method of investiga- 
tion, we must first ex- 
amine how an arch will 
break np or give way if 
ov^loaded, or if the piers 
are too weak to sustain it. 

In fig. 27 we have the section of a circular arch resting on 
two piers ; this arch we may consider as divided iuta W's 
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equal parts by the vertical line through the centre, which 
balance each other by their mutual resistance at CD. If 
this arch is overloaded or the piers are built too thin to 
resist the outward thrust which the voussoirs produce by 
their mutual pressures, the centre will sink, and the 
haunches will rise at EF, so that the arch will tend to 
break up into four parts ; by the opening of the joint 
CD at C, of EF at F, and of the springing joint AB at 
B ; hence it appears that when the arch is about to fall, 
the whole thrust at the crown, which we will call N, acts 
at the point D. The joint EF is called ihQ joint of rupture^ 
and is evidently that at which the effect of ^he thrust N 
is greatest, and its exact position in any particular form 
of arch can be determined by mathematical investigation. 
For if P is the weight of the portion between EF and CD, 
acting at g its centre of gravity, and its moment about E 
is P . a?, while that of N is N . y, we have only to equate 
these moments, 

X . y = P . aj, or N = P ^, 

y 

and then calculate the thrust N for different values of 
the angle 6 which FE makes with CD, and we shall find 
what value of 6 makes N greatest. 

The algebraical expression for the value of N is rather 
complicated, and the full investigation will be found in 
Captain Woodbury's " Treatise on the Arch," and Fen- 
wick's " Mechanics of Construction." It is there shown 
that the greatest value of N is obtained when 6 is 60°, 
the arch being semicircular and all the voussoirs of equal 
depth. When the thrust N of the opposite half-arch is 
exerting its greatest force upon the joint EF, it will act 
horizontally at the point P or vertex of the arch; and the 
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momente of N and P about E will balance each other. 
We can, therefore, by the principles of mechanics (6) 
transfer them to the point E, and consider them as acting 
Uiere with their original values and parallel to their origin^ 
directions. The forces which are now acting on the pier, 
are P the weight of the arch between EF and CD (fig. 28), 
together with its surcharge FCKL, supposed to act 

vertically at E ; 

acting horizontally at E ; the 
weight F of the portion 
HMBEFL acting vertically 
through its centre of gravity ; 
and the weight Q of the pier 
M&TB, also acting vertically 
through its centre of gravity. 
Equating the moments of P, 
F and Q taken about S, to 
that of N, we shall obtain 
the thickness (f) which must 
be given to the pier in order 
that all the forces may be in 
equilibrium, or 2 is found from the equation, 

N.$ = P.a + F.c + Q.9 I . (A) 

which is called the equation of equilibrium \ a, b, e, and q^ 
l)eing the perpendicular distances from S of the directions 
of the forces P, N, F, and Q, respectively. But to secure 
the stability of the structure we must multiply N by the 
coefficient of stability, which we may safely take as 2. We 
have then to determine t from the following equation of 
stability, 

2N.iz^P.a + F.ff + Q.j (BV 





Fig. 23. 
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The following are the values of each of these four 
quantities in the semicircular arch one foot in width of 
soffit Let b be the weight per cubic foot of the arch and 
its surcharge^ b^ that of the pier ; r the radius or half- 
span, k the depth of the voussoirs, k the height of 
surcharge DK ; H the height of the pier from the base S 
to the springing AB, t its thickness ST. 

2 h + r \ S ^ ' 8 

It) 4 J 

P. a = 8 (•134r + { '87 A (r + It) + -65 (r + 70 = - 



•524 r" I 



= ./^ 



Y.c = h\ ' (r^li-\- k) -\-t (•089r' - -SZ/.r + -134^. r 
(. «^ 

- -65 U - -87 /i . yi) + -0053 r" - -05 /< . t' 
+ -009^ . r' + -lA'r - -12 h.k.r. + 

+ •38 /:./«' + -25 /t4 

When the pier is of the same material as the arch, the 
quantities b and b^ can be omitted altogether. If the 
horizontal thrust N acting at E is required, we obtain its 
value from 

^ = ^^J\lh{f-h^ + -026 r' + ^r«./,_^V 



~4> 



r 
the value of b being H + ~. 
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These formul« appear rather complicated, but they are 
easy of application, and a little practice will enable anyone 
who has a very moderate acquaintance with algebra to 
calculate them readily. 

Example. — Letr = 10, A = 2, k = 5) H = 10, 5 = b^ 
=. 120 lbs. The value of N for an arch one foot width of 
soffit and of the above dimensions is 4656 lbs, actinsr 
horizontally at E. Omitting the values of 6 and \ from 
the expressions as they will divide out in forming the 
equations, we obtain 

K * = 682 ; P . a = 12516 + 93-4 t ; 
¥ .€- 8-5f-l-7^ + 1-4; Q.j = 5f. 

And the equation (A) therefore becomes 

13-5 f + 91-7^ -455-4 = 0, 

which gives ^ = 3J ft. for equilibrium. 
The equation (B) for stability is 

13-5 e +^2t " 1037-4 = 

from which we find t = 6ft. for stability. 

In a semicircular arch of any other span, but of which 
the several proportions are the same as in the foregoing 
example, the thickness of the pier can be determined by 
multiplying the radius or half span by -6 for stability, or 
by -33 for equilibrium. If the height of the pier in this 
example is 100 instead of 10, the value of t will be 10-9 
for stability ; and in any other similar structure of like 
proportions, the thickness of the pier can be found by 
multiplying the radius by 1-09. In arches of diflFerent 
span, but having the several parts in the same propovtioriy 
lie thrust N varies as the square of .the span ; so that if 
the span is doubled the thrust is increased fourfold. 
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If in the example above given we make ^ = 8, and H 
= 20, then the value of t is found to be 5^fL for equili- 
brium, and 8|ft for stability, the mean of which is about 
one-third the span of the arch. From this we obtain a 
general rule, that if the height of the pier to the spring- 
ing of the arch, and the height Irom the springing line to 
the top of the surcharge, are each equal to the span of the 
arch, then the thickness of the abutments should not be 
less than one-third of the span of the arch. 

In all the above calculations we have taken it for 
granted that the materials composing the arch, pier and 
surcharge have the same specific gravity or weight per 
cubic foot. If, however, the pier is of a diflferent weight 
per foot from the rest of the structure, the values of 5 
and 6i must be included in the expressions ; when, how- 
ever, the specific gravity of the surcharge differs from that 
of the arch the formulaa become much more intricate, but 
the difference in the results obtainable will be only slight 
and may generally be neglected. 

18. The thrust of an arch and the requisite thickness 
of pier may be obtained approximately by the following 
geometrical process, published by the present author in 
"The Builder" for December 28, 1867. Let there be 
first drawn carefully to scale a section of the half arch 
with its pier and surcharge, as in fig. 29, making the arc 
AF one-third of the arch AD. 

We must now find the position of G, the centre of gravity 
of the portion HFECI, which can be done very nearly by 
taking CK = -j- CD and joining FK; then the trapezium 
HFKI will have its centre of gravity corresponding very 
nearly with the point G, and its position is found by the 
method given in (6) fig. 10, by dividing the trapezium 
into two triangles by the line HK. We have then P the 
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weight of HFECI actlog at Gr, and its mcofnent abont E 
18 P X Em ; N the tbrnat of the other half-arch acting 
at D, has a moment aboat E of K X En (Em and En 

being measured hj scale). Therefore N =F ^ ; P being 

represented hj the area of the trapezium, namely, 

Kie force Q we may take as the area of the whole 
figore HS acting at its centre of gravity, and F aa that 
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of a triangle VFB also acting at its centre of gravity (^) 
determined as shown in (6). The forces N and F are to 
be considered as acting at E, and we have iLim \a Va^ 
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the moments of P, F and Q abont S, and equate them to 
twice the moment of N taken about S ; we thus obtain a 
quadratic equation from which to find t^ the necessary 
thickness of the pier for stability. The moment of N is 
N X S^ ; the moment of P is P x E^ ; the moment of F 

is F X (if; and that of Q is HT x — . The application 

of this method is best shown by an example. Let OB = 
10, AB = ^, ID = ^, BT = 10 ; then we find by mea- 
surement that HF = 8-25, IK = 3-5, HI = 10, Em = 3, 
En = 6-5, S^ or i = 15, Ee = t + 1-3, /ff = t + -44, 
VF = 4. Therefore 

pi ^ HF_JJK ^ gj ^ 8;25 + 3;5 ^\^ ^ gg'TS. 
2 2 

^ N = P 5^= 58-75 x A = 27-1. 

En 6-5 

To find the actual value of N for an arch of one foot 
length of soffit, or the horizontal thrust at E, we must 
multiply the above quantity by the weight of one cubic 
foot; of the material used in the structure; and if that 
is 120 lbs., the horizontal thrust of the arch at E will be 
27-1 X 120 or 3252 lbs. 

We can now form the moments of the forces about S 
as in the previous article (18). 

N.* = 271 X 15 = 406-5, 

, P X E^ = 58-75 (t + 1-3) = 58-75^ + 76-4. 

• 4 X 1*3 

E x/o= — 7^ {t + -44) = 2-6 ^ + 1-14, 
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The equation for determiniDg the value of t for stability 
is formed by putting 2 N . ^ equal to all the rest, which 
gives, 

813 = 12? + 61-35^ + 78-94, 
or,? + 5-1^ - 61-2 = 0, 

from which we obtain t = 5'7. ! 

The foregoing method will also enable ns to determine 
whether a given thickness of pier {t) will suffice to secure 
the stability of an arch of known dimensions. In the 
last example, let us suppose 5 feet to be the given value 
of tf then we must put 5 for t in all the quantities whieh 
contain /, and see whether their sum is less or greater 
than 813, which is the value of 2 N d ; if it is less^ 
then 5 is too little, and if greater, it is more thai! 
enough. When ^ = 5, P x Ee = 370, F x fff = 14-4^ 

-^- = 300; the sum of these is 684, which being less ihaii 

813, the structure will be wanting in stability. If we 
take ^ = 6, then we find their sum is 877, which being 
more than 813, the structure will possess ample stability* 
We can thus by trials of two or three values of t find the 
thickness that will ensure stability, without having to 
solve a quadratic equation. 

20. When several arches of equal size are arranged in 
a straight line and supported on piers, their thrusts will 
balance each other, so that the piers need not be of the 
strength which we have been finding by the foregoing 
formulsa, but only sufficiently strong to support the super- 
incumbent load acting vertically upon them ; and it is 
only necessary that the end piers or abutments shall be 
of the strength given by the above rules. When, how-* 
ever, the arches are arranged round a circle ox ^oVj%csa 
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instead of in a straight line, the case is different, there 
being an ontward thrust which is not counterbalanced hj 
the mutual reactions. For example, suppose we have 
eight arches arranged in the fonn of an octagon on plan 
y 30 and supported only upon 

light piers ; let AB (fig. 
30) represent one side of 
the octagon ; AC an ad- 
joining side ; F the horizon- 
tal thrust of the arch AC, 
Q that of the arch AB ; the 
forces P and Q being equal 
will, by the priuciplea of 
mechanics (2), have a result- 
ant Rwhose direction hisects 
the angle EAC. The ten- 
dency therefore of the forces 
P and Q is to thrust out A 
in the direction, Alt; and we muet therefore have a counter- 
baJanciog force equal to R acting towards A in the direc- 
tion RA, in order that the forces may he in equilibrium. 
From (3) we at once find the relation which E must bear 
to P and Q ; 

for, R : P :: sin. QAP : sin. RAQ, 
or, R : P :: sin. 45° : sin. 67°^ 

:: 101 : 132 
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Example : — Let eight arches be arranged in the form 
of an octagon, each being of the form and dimensions of 
the example in (18). Let the soffit of the arches be 
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2 feet wide, then tlie value of P or of ( 
6504 lbs. 



18 2 X 3252 or 



The force H may be the thrust of another arch placed in 
the direction AR ; aud if this arch hos.the same propor- 
tions as the other arches, we can at once determine its 
span, since the thrnsts of similar arches are to one another 
as the squares of their spans. Now the span of the arches 
forming the octagon being 20 feet, we find, 

span of arch in AR ^20 /^ = 20 / |^^^ 

= 17-5 feet. 

No allowance is here made for the resistance offered by 
the pier, which is supposed to he only of sufficient strength 
to bear the vertical weight of the superstructure. 

21. Segmental Arch. — The thrust of segmental arches, 
and the requisite thickness of pier, may he determined in 
the same manner as 
in semicircular arches, '''" 

with such modifica- 
tions as the particular 
case may demand. 
Let us take an arch 
whose form is that 
of a segment of a 
circle, subtending 120° 
at the centre, as in 
fig. 31. The joint 
of rupture will be at 
the springing or skew- 
back EF, since FEO makes 60° with the vertical ; the 
forces P and N will be the same as in the eemicitculac awb. 
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(18) and will act at E ; N will act in the direction of EM, 
and P in that of ET ; P being the weight of the figure 
LFECK acting at its centre of gravity G; Q the weight of 
the pier MSTE. The force F we can now consider as the 
area of the parallelogram HMIL (neglecting the small 
wedge EFI). Then the moments of the forces about S 
are 

P X EM = P.^; N X ET = p5?^ET; 

Jiin 

FxMI = HM^'; q1=zEtM' = ET^ 
2 2 2 2 2- 

Putting ET = H, and the other dimensions as in (18) we 
have as before (page 48) 

N x ET = b-^^\^} (f - 70 + -026 r» + ^} r' 

- 3^' r _ ^l 
16 4 I 

F.t = b.t{-87k (r + h) + -05 (r + /«)* - •524r'} 
F X ^i = 8 . HM X ^?= 1(1+ k + /<) (t - '87Ay 

Qx|. = 8,.ETx|= |H.ft 

Then the value of t for stability is detenuined as before, 
by equating twice the moment of N to the sum of the 
three other moments. The span in this arch will be 
l-732r. 

Let us apply it to an arch having the dimensions of the 
example in (18). The actual value of N for an arch 
having a so£St one foot wide is, as before, 120 x 38*8, or 
4656 lbs. Omitting d, and making ET = 10, we get 

2 N X ET = 776 ; F.t = 93-if; 
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p X ^ = 6^ - 20-88< + 18-24 ; QL=5f; and the 

equation for stability becomes 

776 = 11^ + 72-5^ + 18-24 

which reduces to 

f + Q'Qt — 68-9 = ; 
therefore ^ = 5*8 ft. 

The span of this arch is 17 '32 feet In any other 
segmental arch of similar proportions, the thickness of 
pier will be *58r. 

We will now take the case of a segmental arch which 
subtends an angle of 90° at the centre 0, The joint of 
rupture will be at the springing as before, but the spring- 
ing EF being now nearer the crown, the thrust N is less 
than in the semicircular arch of same radius. The value 
of N acting horizontally at E for an arch whose soffit is 1 
foot in width is, 

N = r—^-^ j -0127^ + -25 (h + k) r' - -07 h' r 
h + •29ri V ^ y 

- -la/d* - •25/f/^•} 

and the moment of N about S is N x ET = N x H. 
Also, 

P X ST = « . t{'lk (r +/0 + -46 (r + hy - -4/^} 
F X M? = lC3r + /* + ^) (^ - •7^)« 

Qx| = |h... 

The span of this arch is l'414r. 

As an example of this form of arch, we will find the 
thrust and thickness of pier when the other dimensions 
are the same as in the last example. 
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The value of N for an arch having a soffit one foot 
wide and of material weighing 120 lbs. to the cubic foot, 
is 120 X 36*3, or 4356 lbs., which is the horizontal thrust 
at E. Then, supposing the whole structure to be built of 
the same material, and therefore omitting the weight 5 
from the calculations, we have twice the moment of N 
about S equals 726 ; 

P . ^ = 68t; F X ~ = 5^ - Ut + 0-8 ; 
Q— = 5^. The equation for stability is 



or. 



726 zir 10^ + 54t +9-8; 
f + 5-4^ - 71-6; =z 0; 

.-. t = 6-2 ft. 



The span in this case is 14*14 ft. In any other segmental 
arch of the same form and proportions, the thickness of 
pier must be *62r. 

If in this last example, we make the height H, of the 
pier ET, 100 feet instead of 10 feet, its thickness must be 
1 1 feet ; and in the like proportion for any other height 
between 10 and 100 feet. 

The JlaUarch frequently used over small openings is in 
reality a segmental arch, as the joints are made to radiate 
towards ia. fixed point 0, the distance of which from the 
ekewback EF may be considered as the radius r. Thus, 
suppose a horizontal line to be drawn across at E and 
another at ,D (fig. 31), and the line OEF produced to 
meet the horizontal through D, and the joints of the vous- 
soirs of the segmental arch DCEF to be produced to meet 
these two horizontal lines, we shall have a JUiUarch 
represented by the segmental arch, and its thrust on the 
wall will be the same as that of the segmental arch. 
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2S. Gothic Aeoh.— The thmst of " Gothic" or pointed 
arches (fig. 82) can be calculated in the some manner as 
described for semicirculaT atcbes, only the position of EP, 
the joint of rupture, has to be determined for each par- 
ticnlar case separately, as it 
varies according to the pitch 
of the arch. Thus, in the I 
equilateral orcb, in which ] 
OG makes 30° with the ver- 
tical, the joint FE makes tlie 
angle 16° with the horizon- 
tal; in an arch in which OC 
makes 16° with the vertical, 
SF makes 28" with the hori- 
zontal; and when OC makes 
45° with the vertical, EF 
makes 10° with the horizon- 
tal. The equilateral arch 
may be taken as a good 
representation of the general forms of large Gothic 
arches. In this case we suppose N to act at the middle 
of the joint CD, its moment about E being N x E« 
which equals P x Em ; P being, as before, the weight 
of the portion LFECK acting at G its centre of gravity. 
Also F is the weight of the part HLFEBM acting at 
its centre of gravity ; Q the weight of the pier MBTS. 
Then the value of N acting horizontally at E is found to 
be in the equilateral arch, 




N = 



■6r + -e/i 



I ^(■nr' - -mu) 



+ ■OlSr' + ■Yli^.k 



■27/*' , 



-^S/i" . 



If this is multiplied by the height SN, or h, we have N . h 
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the moment of N about S. In this case & = H + '28r. 
The moments of P, F and Q about S are 

P.a = b (•04r + t){k (•46r + h) + 'It* + hr + h'\ 

F.e = b [e{'5k + -43 r + -6^) + 

+ t (•026r' + -04 A . r - -52^ .r - ff - h.k) 

+ k (•OOSr* + -04 A . r + -5^') 

-f •006r' + r . ^ (-24^ - -OlSr) -f •45A'|. 

These are readily calculated by putting for r, h, k and 
H, their respective values ; r = OB, A = EF or AB, 
k = DK, H = MS. We then find t for stability from 
the equation, 

2N.A = P.a + F.(?+Q.y. 

Example: — Let r = 10, ^ = 1, ^• = 4, H = 10, J = 5i 
= 120 and b = 12-8. Then N = 5 . 9-7, or omitting 
the values of b and b^ we have 2 N . i = 248*3 ; 
P. a = 43-4^ + 17-4; F . c = 6'9f - 6t + 1M5; 
Q . g = 5^. Therefore the equation is, 

248-3 = 11-9^ + 37-4^ -f 28-55; 

or, f + 3-14^ - 18-5 = 0; 

•*• * ^^ o ieet» 

The horizontal thrust of N at E in this arch for every 
foot width of soffit is 1164 lbs. In any arch of similar 
proportions the thickness of the pier must be three- 
tenths of the span. If we increase the height of the pier 
to 100 feet, or ten times the span, the thickness of pier 
must be 5*55 feet, or *555r. These investigations of the 
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thrust of Gotliic arches were first published by the present 
writer in "The Builder," March 31, 1866. 

28. Elliptic Arch. — The horizontal thrust of an 
elliptical arch can be found approximately from that of 
a semicircular one ; being nearly the same as that of a 
semicircular arch, having the same span, but whose 
vertical depth is to that of the elliptical arch as the 
major to the minor axis of the ellipse. (Fenwick's 
" Mechanics of Construction.") Thus, suppose the height 
i)f the ellipse is 20 feet to a. span of 60 feet, the axes 
being in the proportion of 3 to 2 ; then if the voussoirs at 
the crown are 2 feet deep, the equivalent circular arch 
will have a radius of 30 feet, and depth of voussoirs 
3 feet. This is only an approximation, and the exact 
relations between the several parts may be investigated 
directly in the same manner as given for the circular 
arch ; but the algebraical formulae are more complicated, 
and the position of the joint of rupture must be deter- 
mined in each particular case. In an ellipse, however, 
which is not very flat, the joint of rupture may be taken 
as very nearly that which makes 30° with the horizontal, 
as in the circular arch. 

24. Gothic Vaulting consists of a number of stone 
arched ribs which spring from the walls of a building, or 
from corbels projecting therefrom; the space between 
the ribs being filled in with stone panelling of a light 
character. To avoid complicating the question of thrust 
in such arches, we will suppose the vaulting to consist of 
transverse ribs whose direction is at right angles to the 
walls, and diagonal ribs making 30° with the former, as 
in the plan, fig. 33. The transverse rib (fig. 34) we will 
suppose to be an equilateral arch. We will at present 
omit from the investigation all intermediate T\\i^ ^sA 
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filling in, which con be allowed for by adding Bomething 
to the thickness of the main ribs themselTes. The hack 
of the ribs is filled up to the haunches as tar as HK, so 
as to prevent them from yielding at that part; OH 
making 30° with the horizontal. In this kind of arch, 
having but little surcharge, there is a tendency to break 
op by the rising of the crown and the falling in of the 



Fig. Si 




haunches ; so that the joint CD will tend to open at D, 
and the joint of rupture EF to open at E ; the portion 
above EF tending to turn over on the point F. We shall 
here take EF as making 16° with the horizontal as in 
(32). The horizontal thrust N at the crown will now act 
through C, and its moment about F will equal that of P 
about F; P being the weight of the part above EF acting 
at the centre of gravity rj. Let / be the breadth of soffit 
of each rib, h the depth of the ribs, r the radios OB, 8 the 
weight per cubic foot. Then the valae of K is found 
to be 
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•6r - -SA 1 ^ 

The moment of N about S, the outer edge of the base of 
the pier, is N . h\ where A = H + "28 (r -f //) ; H being 
the height of the pier to the springing AB. Also if we 
put P, the weight of the portion above EP, acting in this 
case at P, R that of the part HPEBA, acting vertically 
through its centre of gravity, their moments about S are 

P.a = /. 5 (-04 (r + ^) + t) {-Olr" + -8^ . r + 'lle\ 
R .£? = /. 5 [< (Olr* + -3^ . r + •15A') + -0002/^ 

+ -004/^ . r* + •14/^• . r + -05/^^} . 

The diagonal ribs will not have the same pitch as the 
transverse ones, but we may, without materially aflFecting 
the calculations, treat them as equilateral, having for 
their radius 1 • 1 6r. The thrust of these ribs will be oblique, 
so that we must only take the resolved part of the hori- 
zontal thrust N' perpendicular to the wall, multiplying by 
COS. 30°, or '87. The value of N' acting perpendicularly to 
the wall for each diagonal rib is 

l.h 



N':= 



'%r - 'Zh 



'211.7^ -h -SA^r + -4/^^. 



r being the radius of the transverse rib. Then the moment 
of W about S is N' . 6', where b' -n + •32r + -28^. 
Also we find, 

Y.a' = l.b (•04r + -03/^ + {'Ol^r + '9/ir + '7/i'}. 

B: .c' = l.b \t (-0137^ + •35/^.r + -15/0 +-0002r» + 

+ k.r (-OOSr + 'Uh) + '0U% 
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We wm take the width ab (fig. 33) of the pier as 3 / ; 
then we have 

The equation from which t is found for stability is 2 N . d 
+ 4N'.6'= P.a + 2F.a + Q.^ + R.c + 2R'c'. 
Example:— r = 20, A = 1, /= J, H = 30, 5 = 6^= 120; 
N = 6 X 3-14, N' = 6 X 3-07 ; b = 35-88 ; b' = 36-68. 
The horizontal thrust N of the transverse rib at F is found 
to be 377 lbs. ; that of the two diagonals resolved per- 
pendicular to the wall, or 2 N', is 737 lbs. ; or the total 
thrust at F is 1114 lbs. The thickness (t) of the pier is 
found by the formulaa : (omitting the value of 6) 

2N.^^ = 225; 4:W .b' = 450; 

P . a = 8-7 + 10-4^, 2 F . a' =: 19-9 + 24^; 

R . c = 3 + 5-2^; 2R' . c' = 64 + l2-4t; 

Q , q =z SOAf, And the equation for stability becomes 

675 = 30'4e + 52t + 38 ; 
or, f + Vlt - 21 = 0; 

.-. ^ =: 3-8 feet. 

In any other vaulting of the same proportions, t is found 
by multiplying the half-S'pan by '38. If the value of H is 
60 feet, the value of t in the above example must be 

4-3 feet 

The foregoing example applies only to a vaulting of 
skeleton ribs, and omits the pressure upon them which is 
produced by the filling in of the panels between the ribs, 
Let us now suppose this filling in to be 3 inches or \ ft. 
in thickness, and to be of the same kind of material as 
the ribs. The pressure on the transverse rib will be 
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^eatest at the crown, and will diminish to nothing at 
the springing ; it will be the same as if we added 2AB 
or 2h to the thickness at C, or of a rib whose depth at C 
is 3 feet and at AB 1 foot The centre of gravity g at 
which P acts will also be moved nearer to C, so that not 
only is P increased but also the length of Ym its lever 
arm about P. We shall therefore obtain an approximate 
value of N if we multiply P by 2 and Ewe by 4, so that 
in this case we have (18) 

N.y = 2P X \x, 
or, N = 3P£, 

y 

or N is three times as great as in the case of the skeleton 
ribs. P . a will also be twice as great, so that we must put 
3N for N and 2P for P in the above formulae of calcula- 
tion. In the diagonal rib the load at the crown is half 
that upon the transverse rib, but increases to the same 
amount at the springing. We may therefore put 2N' for 
N' and 2P' for P' in the above formulae. We have then 

3N= 1131; 4N'= 1474; 
horizontal thrust at F = 3N + 4N' = 2605 lbs. 

m.h^ 675; m' .U = 900, 
2 P . a = 17-4 + 20-8^; 4P' . a' = 39-8 + 48i:. 

Hence the equation for stability becomes 

30^ + 86^ - 1508 = 0, 
or, ^ == 5'8 feet. 

And in any other vaulting of which the several propor- 
tions are the same, the value of t is found by multiplying 
the half-span by '58. 
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26. Oblique Arch. — ^When two roads at different levels 
cross one another in directions wliich are not at right angles 
to each other, and an arch is thrown across the lower road 
to carry the upper one, it is called an "oblique" or 
" skew " arch ; and the angle which a perpendicular to 
the axis of the lower road makes with the axis of the 
upper one is called the "angle of obliquity." If the 
courses of an oblique arch were built so as to be at right 
angles to the abutments, as in the ordinary arch, a large 
part of them would have no abutment at one side, and 
the arch would fail. If, on the other hand, the beds of 
the courses were parallel to the two faces of the arch, 
they would abut obliquely on the piers, and the soffit 
would not form an even surface. 

This last plan has occasionally been adopted in small 
arches of moderate obliquity, but would be very deficient 
in stability if used for large arches, or where the obliquity 
was considerable. The method employed in forming large 
oblique arches is to consider the arch as a portion of two 
concentric cylinders cut obliquely by the two planes form- 
ing its faces, and which are parallel to the direction of the 
upper roadway. The solid contained between these two 
cylinders is cut by a number of screw surfaces all of 
similar form and described about a common axis; and 
these again are intersected at right angles by another set 
of screw surfaces, also of similar form. In this way the 
solid contained between the two cylinders is divided into 
a number of equal and similar solids which are the 
voussoirs of the arch. The templates for forming these 
voussoirs require to be made with considerable accuracy, 
the several angles being calculated by the help of trigo- 
nometry for each particular case. The rules for getting 
out the templates are given in Buck's "Treatise on 



OBLIQUE ARCHES. 67 

Obliqne ArcheSj"* to the last edition of which Mr. Barlow 
baa added a method of arriving at the necessary results 
without the actual use of trigonometrical formulae. A 
small work by Mr. W. Donaldson also gives a very 
accurate method. Oblique arches should always be 
segments of circles of considerable flatness, and the 
obliquity may be made with safety as great as 65°. 

In fig. 35, DEP represents the semicircle of which 
APB is the segment employed as the section of the soffit 




of the oblique arch. Let BAG be the angle of obliquity ; 
BO the length of the arc APB developed, and drawn 
perpendicular to BG. Then GC is the spiral of the 
headiog joints, and is to be divided into the determined 



* Locktrood & Co. 
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ntuuber of voaRaoini. To this the directioo of the conreiDg 
joints Ib to be perpendicular. Make GH perpendicular to 
GC, and CH parallel to BG ; draw HL perpendicniar to 
CH ; then QH is the development of the segmental spiral, 
and GL its axial length. 
The lines of the faces of 
the arch are ellipses, and 
the joints of the vonssoirs 
all radiate &om a point O 
(fig. 36) situated below the 
springing line or axis of the 
cylinder ; its position being 
found by calculation. 
26. Cupolas. — If we suppose an arch of any form of 
section to reyolve about its vertical axis, a hollow shell 
will he formed, which is called a " cupola" or " dome." 
Such a shell is often built over a circular chamber, either 
underground or above ground. When built underground, 
it possesses great strength and power of resistance to 
pressure, having all the rigidity of the vertical and 
horizontal arch combined, and any thrust is entirely 
overcome by tlie surrounding earth. The dome is built 
on the principle of the arch, having wedge-shaped vons- 
soirs ; but as it consists of a series of horizontal rather 
than vertical arches, it follows that aa soon as any number 
of courses are completed the structure is in a condition of 
stability, and requires no further support from centering 
except for the construction of the remaining courses; so 
that any number of the upper courses may be omitted 
without endangering its stability. 'WTien a dome is 
elevated upon a circrlar wall or " drum," it will produce 
a certain horizontal ihmst upon the wall. The investiga- 
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tioQ of the thrust and necessary thicknesa of wall may be 
made in the same manner as that adopted in the case of 
the ordinary arch, hy consideriDg the dome to consist of a 
namber of lanes or 

thin slices cnt out of ^'ig- 37. 

the entire dome by 
two planes intersect- 
ing at the vertical 
axis, and making a 
small angle, such as 
2°, with each other. 
Fig. 37 represents a 
tone cut out of one 
side of a circular 
dome, which for the 
sake of investiga- 
tion we may consider 
as balanced by an 
equal lune cut out 
of the opposite side ; 

the two lunes meeting at the crown CD, and balancing 
each other by their mutual pressures, which we call N, 
acting horizontally. Of course such Innes could not be 
built to stand alone, but the lateral pressnre of the whde 
circle of lunes keeps them together. The horizontal 
thrust of a dome upon the walls is much less than would 
arise ^m an ordinary arch of ec[ual span ; and it may be 
reduced still further by means of iron belts girding the 
dome at a short distance above the Bprioging. The 
joint of rupture in the bemisph^ical dome ia ascertained, 
by analytical methods, to be that which makes 20" witii the 
horizontal ; it is therefore at this level that the iron belt 
will produce the greatest effect in couuteracting ^^ \ltix\A\. 
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Using the same notation as in the arch, we have P the 
weight of the part above the joint of rupture EF ; F that 
of the part below EF ; Q that of the portion of the wall 
or drum on which the lune stands; N the horizontal 
thrust Having determined the position of the joint of 
I'upture EF, we can suppose P and N to be transferred to 
E ; F to act at the centre of gravity of the part between 
EF and AB ; Q at the centre of gravity of the pier BS. 
Let R and r be the external and internal radii of the 
dome ; 6 the weight of a cubic foot of the dome. Then 
the thrust N at E of the 180th part of the dome is found 
to be, 

j^ _ ^ '0071 9r (R^ - r*) - -00393 (R^ ^ y^) 

R - •342r 

Hence it appears that in domes of similar proportions 
the horizontal thrust varies as the cube of the diameter or 
span. 

The moment of N about the outer edge of the pier 
is N . ^, where ^ = H + •342r ; H being the height of 
the pier to the springing of the dome. 

In order, however, to simplify the problem and render 
the calculation easier, we shall take the lune of the dome 
at the base as 1 foot in length instead of the 180th part of 
the whole circumference, the length of 1 foot being taken 
half-way between A and B ; so that we must multiply the 
above value of N by 180, and divide by the circumference 
of the circle whose radius is i (R + r). We shall also 
consider that the same material is used throughout in the 
construction both of the dome and of the pier, so that we 
may omit the value of h from the equations. We thus obtain 
the following moments of the forces N, P, F, and Q, 
teken about the outer edge S of the pier. 
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jj , _ H + •342r - 412 (R' -T*)r- -225 (R* - r*) 
R + r * R - •342r 

p . a = ^'~^ (•439< + •026r) 
xt + r 

F g _ '149 (B' ^r^) (t ^r)'^ '11 (R* - t^) 

R + r 
Q . y = i H . f . 

Then the value of t for equilibrium is obtained as in the 
case of the arch, from the equation 

For stability we get t from the equation 

2N.i = P.a + F.(?+ Q.y. 

As an example, let R = 11, r = 10, H = 50 ; then we 
lindN.6 = 107-2;P.a=:6-92^ + 4-16; F .c = 2'35t -'8; 
Q . q =z 25^. The equation for equilibrium therefore is 

25i? + 9-3^ - 104 = 0, 
which gives, t = 1*86. 

The equation for stability is 

25f + 9'3t - 211 =0, 

which gives, t = 2*7. 

The value of N or the horizontal thrust at E, for the 
180th part of the dome in the above example is 92 lbs. as 
obtained from the first equation given above, if we put 
^ = 125 lbs. ; or the total horizontal thrust is 16560 lbs. 
for the whole dome. 

In any other hemispherical dome whose thickness is 
one-tenth of the radius, and the height of the pier five 
times the radius, the thickness of the pier for stability is 
-27r. When H is 10 ft, t is found to be 237 ft-, twA 
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when H is 100 ft, ^ is 2*8 ft The dome in this case is 
supposed to be of uniform thickness throughout, and the 
wall or pier of solid construction. 

When the section of the dome is a Grothic or pointed 
arch, the position of the joint of rupture will depend on 
the pitch of the arch ; if the pitch is low or the section 
differs but little from a semicircle, the joint of rupture 
will make an angle of nearly 20° with the horizontal, but 
if the pitch is high, it makes a much smaller angle. Thus^ 
for instance, if the radius drawn to the vertex makes only 
10° with the vertical, the joint of rupture makes 17° with 
the horizontal; but when that radius makes 22 J° with 
the vertical, the joint of rupture makes 13J° with the 
horizontal ; and if it is at 30° with the vertical, then the 
joint of rupture is 10° only with the horizontal. The 
value of N, or the horizontal thrust at E, diminishes as 
the pitch increases ; so that, if in the hemisphere it is 92, 
in the Gothic domes of the three sections above described 
it is 88*7, 80*4, and 77-3 respectively, the span being the 
same in all. In a parabolic dome of the same span as the 
above, the height being equal to half the span, the thrust 
is 79*6, and acts at the springing, which is the joint of 
rupture. If the thickness of the hemispherical dome is 
made to diminish upwards, so as to be half the thickness at 
the crown, that it is at the springing, the thrust is greatly 
decreased, being only 55*8 in the dome of 20 ft. span, as 
compared with 92 in the dome of uniform thickness. The 
foregoing description is taken from two papers by the 
present writer on the " Stability of Domes," read before 
the Eoyal Society, May 31 and November 22, 1866, and 
published in the "Proceedings of the Royal Society,'* 
No. 85, and also in the " Civil Engineer and Architect's 
Journal" for February and March, 1868. 



78 



FiK- 38. 



27. Conical Domes or Spikes. — The strongeat kind 
of dome is that which has the conical form, and ia gene- 
rated by the revolution 
of two triangles Btich 
as AOC, BOD (fig. 38) ! 
about a vertical axis 
OC; the part ABDC 
between the triangles 
forming the solid shell 
of the dome or spire. 
In constracting a spire 
the beds of the ma- 
sonry should be at 
right angles to the 
slope of the cone, and 
not horizontal, as is 
frequently the case. 
Take any one of the 
beds, as EF, and let 
the weight w of the 
portion above EF act 
at its middle point I 
and be represented on 
any scale by the vertical line If. By drawing a rectangle 
having I/" for its diagonal we can now resolve w into two 
other forces (2), namely q acting parallel to FE and 
represented by the line le, which will be counteracted by 
a corresponding force from the opposite aide of the cone ; 
and J? acting parallel to AC and represented by the line 
Im or ef, which ia the only force of which we need take 
account ; and by the principle of the resolution of forces 
we have 

p — w . coa BDO. 



WA 
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Suppose the spire to rest on the level top AB of the 
vertical wall AX, and let W be the total weight of a slice 
of the cone whose base is 1 foot in length measured at 
the middle point a of AB ; let P be the resolved part of 
W acting at a. Then if we put for the angle BDO, we 
have, 

P = W . cos (9 

^ - 3 • TTTr" 

where OC = K, OD = k , and 5 is the weight of a cubic 
foot of the structure. 

Draw the vertical line aY which we will suppose to 
pass through the centre of gravity of the wall. Take dc 
to represent on any convenient scale the force P in the 
direction of la produced, and ab on the same scale to 
represent the weight Q of the wall in the line aY ; and 
complete the parallelogram aMc; then the diagonal ad 
will represent on the same scale the resultant of the forces 
acting on the wall, and if this line cuts the base of the 
wall within the outer edge X, the structure will be in a 
condition of stability ; if it passes through the point X, it 
will be just in equilibrium and the least additional thrust 
will overturn it If ad produced cut the base outside the 
point X, then the structure will be in a condition of 
instability, and will be overthrown. 

Resolving the force P at a horizontally and vertically, 
and putting T for its horizontal component or the thrust 
at AB acting outwards and tending to overturn the wall ; 
S for its vertical component acting in the line aY, Q for 
the weight or area of section of the wall also acting in 
the line aY ; we have. 
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T = P . sin (9 = i W . sin 2 (9 
S = W . coB*e 
Q = 5. H.^ 

where H is the height aY and t the thickness of the wall. 
In order to find the value to be given to t for any known 
valne of T, we must equate the moment of T taken about 
X with the sum of the moments of S and Q about the 
same point If we suppose the material used in the con- 
struction of the spire and the wall to be of the same 
density, we can omit 6 from the expressions. 

T X AX=: i W. H. sin2(9 

= i E + r ^ . Bin 2 d 

S X YX = iW. «• cos»5 

, R' K - r'k 
= i R + ^ i • C08«tf 

Qx YX = iB.' ti. 

The value of t which will produce equilibrium between 
the forces is found from the equation 

T X AX = (S + Q) YX 

and the value of t which is required for stability in the 
structure is obtained from the equation 

2 T X AX = (S + Q) YX. 

As an example we will take the case of a conical spire 
whose section is an equilateral triangle ; then d = 30°, 
sin d = '5, cos d = -87, cos'tf = -75, sin 2 d = -87. 
Let R = 11, r = 10 ; then K = 19, k= 17-3 ; and let 
H = 20. Then we find W = 9 ; T x AX. =• 1%\ 
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S X YX = V ^- Q X YX = 10 tl. The equation 
for equilibrium becomes 

80 ^« + 27 ^ - 624 = 
or, t = 2-63. 

The equation for stability is 

80t*+27t- 1248 = 
or, t = 3-78. 

In this form of dome or spire there is no outward 
thrust in the cone itself provided the beds of the stones 
are laid at right angles to the slope ; but if the beds are 
horizontal there will be a tendency to slide outwards at 
each layer of stones, as shown by the horizontal thrust T 
where the base of the cone rests upon a level bed on the 
top of the wall at AB. 

28. Iron Domes. — The domes which we have hitherto 
considered are supposed to be built up of masonry or 
brickwork, find to be of considerable thickness: these 
have but little lateral or cohesive strength, their stability 
mainly depending upon their weight and resistance to 
compression. There is another material, however, of 
which domes may in some cases be constructed, namely^ 
wrought iron in thin plates riveted together into the 
form of a cone. Such a cone possesses great lateral or 
tensile strength which entirely prevents any outward 
thrust from being thrown upon the supporting wall, and 
its crushing strength is so great that a considerable 
saving in weight or pressure upon the foundations can 
be effected, the thickness of the plates being diminished 
from the base upwards, since the compression is greatest 
at the lowest part and decreases towards the top. The 
tensile strain at any part is also proportional to the 
diameter and therefore to the quantity of metal, being 
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greatest at the base where there is most resistance, and 
diminishing upwards with the diminution of the thickness 
of metal. In such a dome there is no loss of power or 
waste of material, the greatest amount of strength being 
obtained with the least possible quantity of metal. Open- 
ings to an almost unlimited extent can also be made so 
as to form a mere skeleton dome provided that all the 
parts remain connected together, and the openings may 
be filled in with glass or other material, without seriously 
affecting the stability of the structure. 

Conical domes of wrought iron can be erected of much 
vaster dimensions, and at much less cost, than is possible 
with those of stone or brick, one having been built by 
Mr. J. Scott Russell for the Vienna Exhibition of 1873 
with a span of 360 feet, the slope being 30° with the 
horizon, and the base elevated 80 feet from the ground. 
The upper portion of the cone was cut away, leaving an 
opening 100 feet in diameter, over which another conical 
dome was erected on a drum 34 feet high, on the top of 
which was a third dome 24 feet diameter on a drum 
28 feet high, making a total altitude from the ground to 
the summit of 280 feet, the whole being constructed of 
wrought iron. A full description of this dome will be 
found in the " Transactions of the Institute of Architects, 
for 1874." 




CHAPTER IV. 

BUILDING STONES. 

29. The stones used for structural purposes in this 
country are divided into five distinct classes, namely : 
1, Granites ; 2, Sandstones ; 3, Limestones ; 4, Oolites • 
5, Magnesian Limestones. 

These stones are all a combination of several simple 
bodies such as silica, lime, magnesia and alumina, which 
are their chief ingredients; whUst iron, in the form 
of oxide, and potash are found in smaller proportions. 
Silica^ or silicic acid^ which forms a large part of 
many stones, is itself a compound of oxygen with 
the element silicon, and is found in its purest form in 
quartz, flint and sand. It is exceedingly hard so as to 
be able to scratch glass, and is unaffected by acids, but is 
acted on by alkalies when heated with them. Liim is a 
compound of oxygen with the metal calcium, but is never 
obtained pure, being mostly found as a carbonate, or in 
combination with carbonic acid, for which it has a great 
affinity, and which it will absorb from the atmosphere if 
left exposed for a length of time. The lime used in 
making mortar is obtained from the carbonate by driving 
off the carbonic acid and water in a kiln, and is then in 
the form of quick-lime^ which absorbs water with great 
avidity and development of heat, and then becomes 
iUickedAime. Lime is also obtained in combination with 
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other acids, especially sulphuric acid, with which it forms 
the sulphate of lime, as in alabaster and gypsum, from 
which Plaster of Paris is obtained by heating and driviug 
off the water, so that when water is added to the plaster 
it again becomes a hard and solid mass. Sulphate ot 
lime is nearly insoluble in water, but the carbonate is 
readily dissolved. We can easily distinguish the two 
substances by the application of a little dilute acid, which 
produces violent effervescence in the carbonate, owing to 
its giving off carbonic acid, while the sulphate is un- 
affected. Magnesia is a compound of the metal mag- 
nesium with oxygeu, and is generally obtained in the 
form of carbonate; this is not so readily acted on by 
dilute acid as the carbonate of lime, a very slight effer- 
vescence only being produced. Magnesia also occurs 
sometimes in combination with sulphuric and silicic acids. 
Alumina consists of the metal aluminium combined with 
oxygen, and is mostly found in combination with silica, 
forming the silicate of alumina which is the basis of the 
various clays. 

Iron is never found in the pure metallic state on 
account of its affinity for oxygen, with which it forms 
the oxide or peroxide. It is seldom entirely absent from 
any mineral substances, the varied tints of which are 
chiefly due to its presence in greater or less proportion. 
The red and reddish-brown stones contain the largest 
quantities of iron, while those which are light brown, or 
cream-coloured, contain only a slight trace of it Potash^ 
which is the metal potassium combined with oxygen, is a 
powerful alkali, and is found in small quantities in 
granites and some other stones. 

The above-named substances are said to be *' chemi- 
cally " united to the oxygen and acids with which they 
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combine, the combiniDg proportions being always the 
same in the same materials, and the substance which 
results from the combination differs entirely from the 
original elements, the peculiar features of which have 
been lost or merged into those of the compound body. 
When, however, two or more of these compounds are 
found mixed together in a stone, they are said to be 
" mechanically " united, their proportions varying con- 
siderably, while the bodies themselves still retain most of 
the characteristics they possessed when separate. Thus 
we find silica combined meclmnically with carbonate of 
lime in every variety of proportion, there being no 
chemical union between them. 

30. Granites are classed by geologists among what 
are termed " metamorphic " rocks, having been originally 
deposited in a very different condition to that in which, 
they are now found. They possess a more or less crys- 
talline character, which has been produced by long-con- 
tinued chemical action combined with great heat and pres- 
sure, by which their original nature has been entirely 
transformed. Granites differ considerably in the quali- 
ties of durability, hardness and crushing strength, some 
being readily disintegrated by the action of weather, 
while others possess great durability, and may be safely 
employed to resist the constant wearing effects of water. 
Their resistance also to crushing varies very greatly, 
specimens of Cornish granite having been crushed with a 
weight of 6,400 lbs. per square inch, while others from 
Peterhead and Aberdeen have required a pressure of 
8,300 lbs. and 10,900 lbs. per square inch to crush them. 
The specific gravity of granite varies from 2*6 to 3 ; and 
the weight per cubic foot from 162 lbs. to 188 lbs. 

The component parts of granite are quartz, feldspar, 
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inica or talc, and sometimes hornblende. These are 
mechanically united in various proportions, each of the 
three being a distinct mineral composed of bodies which 
are chemically united. Quartz^ which forms about 70 per 
cent of the composition of granites, is nearly pure chrys- 
tallized silica or silicic acid, and is the hardest of 
all the substances found in the composition of rocks; 
and the durability of stone often depends on the pro- 
portion of silica which it contains, it being perfectly 
insoluble in water or acids, although it is soluble in 
powerful alkalies. Feldspar is the mineral which gives 
the varieties of tint to granites, the colour being chiefly 
owing to the greater or less proportion they contain of 
the peroxide (rust) of iron. In 100 parts of feldspar, 65 
are generally silica, 18 alumina, which is the basis of 
clays, and 16 potash. Those granites which contain a 
large proportion of feldspar, are not suited for external 
building purposes, as this material is the first component 
which is decomposed by the action of weather or of weak 
acids, and is converted thereby into a soft friable mass 
of earthy matter. Mica consists of thin transparent 
plates of great hardness, and to it is due the glittering 
appearance observable in granite. It contains 40 to 50 
per cent, of silica, 16 to 37 per cent, of alumina, 7^ to 10 
per cent, of potash, and a considerable proportion of the 
peroxide of iron. 

Horvilevide is a heavy, dark-coloured crystalline sub- 
stance found in a species of granite known by the name 
of " Syenite " ; silica composes nearly one-half of its 
weight, lime and magnesia about one-third, and alumina 
one-eighth ; it also contains iron and manganese in vary- 
ing proportions. The presence of hornblende generally 
adds to the strength and durability of the granite. 
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Granite is quaried in various parts of England, Wales^ 
and Scotland ; the grey being found in Devon, Cornwall, 
and the Channel Islands; grey and pink granite at 
Mount Sorrel, in Leicestershire ; a reddish kind in Cum- 
berland and Westmoreland, as the Shap granite, which 
is remarkable for its handsome appearance when polished. 
In Scotland both red and grey are got from Peterhead, in 
Aberdeenshire, and a pink kind is found in the Isle of 
Mull, on the west coast, which is highly prized for orna- 
mental purposes. It is also quarried extensively in the 
counties of Perth, Kinkardine, Banff, Inverness, Kirkud- 
bright, and Wigtown. All the harder granites are sus- 
ceptible of a high degree of polish, which greatly increases 
their beauty and durability. Granite lies at the bottom 
of the strata forming the crust of the earth, but from the 
action of subterranean forces it has been lifted up, so 
that it forms the substance of some of the highest moun- 
tains. 

Serpentine is a stone that may be classed among 
granites on account of its metamorphic character, although 
it differs entirely from them in composition and structure, 
being chiefly composed of silica and magnesia in nearly 
equal proportions, and coloured with the oxide of iron. 
It is not suited for external use, but is valuable as an 
ornamental stone, being capable of receiving a good polish, 
which developes the beauty of its tints. It is chiefly 
obtained from the Lizard in Cornwall, and from Holyhead 
in Anglesea. 

Slate is another substance found among the oldest rocks, 
which is metamorphic in character, its composition being 
chiefly silica and alumina. By the action of heat, com- 
bined with enormous pressure, its natural bed has 
generally been destroyed, and a new kind of bedding 
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called cleavage produced, so that it can be readily split 
into thin slices on the planes of cleavage. It is remark- 
able for its cohesive strength, as well as its power of 
resisting compression, both of which are from 8 to 10 
tons per square inch in the best Welsh slates. Slate is 
obtained in several parts of North and South Wales, in 
Cumberland and Westmoreland, and the northern part of 
Lancashire. In Scotland slate is found in the counties of 
Argyle,Terth, Forfar, Aberdeen, and Banff. 

31. Sandstones are so called from being chiefly com- 
posed of sandy or siliceous particles, which are cemented 
together by a small proportion of carbonate of lime. 
They all contain more or less of the peroxide of iron, to 
which material their variety of colour is owing ; the red 
and brown sandstones containing as much as three per 
cent, of iron, while in the light-coloured stones only a 
elight trace is to be found. Sandstones also vary greatly 
in quality, some being soft and easily reduced to powder 
from want of a proper material to cement the particles of 
silica together ; whilst others which have a good cement 
are among the hardest of the rocks. They may also be 
«aid to belong to nearly all the main divisions of the geo- 
logical crust of the earth ; those found in the lower or 
more ancient stata being harder, heavier, and more 
durable than those found in the higher or more recent 
strata. Thus, for example, in this country we have sand- 
stones in the "Chalk" formation of Surrey, Sussex j 
Hants, and Dorset, which weigh only 103 lbs. to 111 lbs. 
per cubic foot, and these are generally of a soft and 
friable nature. Others are found in the ^'Wealden" 
which underlies the "Chalk," weighing 118 lbs. per 
cubic foot, as the Calverley stone, near Tonbridge Wells. 
In the "Lias," which is below the "Wft^AfeXi^'* ^^ 
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find sandstones weighing 127 lbs. per cubic foot, as in 
the neighbourhood of Whitby. In the "New Red 
Sandstone" series which underlies the "Lias/' there 
are sandstones, such as that of Mansfield, weighing 
146 lbs. to the cubic foot, and having a crushing 
strength of 5,000 lbs. per square inch. The Mansfield 
stone forms in its chemical composition a connecting 
link between the sandstones proper and the magnesian 
limestones, being found to contain 49 per cent, of 
silica, 26 J per cent of carbonate of lime, and 16 per 
cent of carbonate of magnesia. The red Mansfield stone 
is considered to be less durable than the white. 

There are many other quarries of serviceable stone in 
the " New Red " series, as in the neighbourhood of 
Newcastle and Whitehaven ; Northallerton, Stockton, and 
Richmond in Yorkshire; in Lancashire, near Liverpool, 
Preston and Barrow; in several parts of Cheshire, 
Derbyshire, Staffordshire, Warwickshire, Salop, and 
Gloucestershire. 

By far the largest number, as well aft the most useful, 
of the sandstones are obtained from the " Carboniferous " 
series, which underlies the " New Red Sandstone ;" for 
although this series derives its name jfrom the presence of 
layers of coal, yet the larger proportion of it consists of 
sandstone rocks, varying greatly in texture and character, 
but known generally by geologists as the" grits." They 
are all more or less laminated, which enables us in most 
cases to detect readily the natural bed of the stone; some are 
80 highly laminated that they split up with a slight blow into 
thin slabs or " flags," and are then only fit for paving pur- 
poses. The " grits " are generally very durable when laid 
on their natural bedj but if placed in front of a wall with 
their bed vertical they will flake off like the leaves of a 
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book, when exposed to the action of the atmosphere. 
Their weight varies from 140 lbs. to 160 lbs. per cubic 
foot, and the crushing strength from 4,000 to 8,000 lbs. 
per square inch. They contain from 93 to 98 per cent of 
silica, with only a very small quantity of carbonate of 
lime ; hence they are valuable stones for buildings which 
are exposed to a smoky or damp atmosphere, as weak 
acids do not injure them. 

The chief quarries of the " grits " are found in York- 
shire, the term " York ** being given in London to most 
of the stone which comes from that county. Some of 
these are in the form of " slabs'' and " flags" for paving 
purposes, and are chiefly obtained from the vicinity of 
Halifax and Leeds, as well as in the parts of Lancashire 
bordering on Yorkshire. Other stones, such as those of 
Bramley-fall and Park-spring, near Leeds, and from 
Huddersfield and Halifax, are well suited for the best 
architectural work. The stone of Darley-dale, in Derby- 
shire, is a compact grit of brownish colour, possessing a 
high degree of crushing strength ; and also the Craigleith 
stone, found near Edinburgh, which is less dense, but has 
a greater strength. The red sandstone of Dundee has a 
fine close grain, but is softer and less durable than many 
of th^ other stones belonging to this series. 

The formation next below the " Carboniferous " in 
geological sequence, and known as the '' Old Bed Sand- 
stone," contains many varieties of sandstones suitable for 
building purposes, some of which are highly durable, 
while others, which contain a considerable proportion of 
iron, are found to decompose rapidly. They are heavy 
stones, weighing from 150 lbs. to 160 lbs. per cubic foot. 
This formation is largely developed in several parts of 
Scotland, and some good building stones are obtained at 
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Dumfries, Corsehill on the Solway Frith, Eoxburgh^ 
Jedburgh, Berwick, Lanark, and many other places in the 
southern counties. In the central counties there is good 
stone to be had near Dundee, Forfar, and Stonehaven ; 
and in the northern parts at Cromarty and Inverness. 
The " Old Red '' is found on the West of England, and 
forms a large part of Salop, Hereford, and Gloucester ; as 
at Lydney, Tortworth, Coleford, Newnham, Leominster, 
Malvern, and Chepstow. A similar formation is also 
found in Devonshire and Cornwall, where red and grey 
sandstones are obtained in large quantities. Eed is the 
predominant tint in the stones of this formation. 

32. Limestones are so called from being chiefly com- 
posed of the carbonate of lime, and are found more or less 
in nearly all the geological strata. They vary greatly in 
texture, some having the softness of chalk, and others a 
hardness equal to that of granite. Those which are not 
fit for use as building stones are valuable for burning into 
lime. The weight of the "freestones" which can be 
used for building is from 130 to 150 lbs. per cubic foot, 
and the crushing strength from 2,000 lbs. to 6,000 lbs. 
per square inch. The Chilmark stone (Wilts), belonging 
to the Oolitic series, has a crushing strength of 6,395 
lbs. per square inch, and contains 10^ per cent, of silica» 
79 per cent, of carbonate of lime, 3*7 per cent, of car- 
bonate of magnesia. It weighs 151 lbs. per cubic foot. 

Some portions of the chalk formation produce lime- 
stones suitable for building purposes, as that of Tottem- 
hoe in Bedfordshire, of Beer near Axminster, of Devizes 
in Wilts, of Andover, Basingstoke, and Sherborne in 
Hants, and at many other places. The Kentish Bag is a 
hard limestone found in the lower " Greensand formation,'* 
and is much used for rough walling. In the " Wealden '* 
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strata is found a fossiliferous limestone which goes by the 
name of "Sussex Marble," being suflSciently hard to 
receive a polish, and is found in the neighbourhood of 
Petworth and Staplehurst. In the " Lias " formation 
there are some good limestones at Shepton Mallet, 
Wellington, Yeovil in Somerset ; at Merthyr in Glamor- 
gan; at Ketton, in Rutland; at Whitby, in Yorkshu'e; 
and at Castle Carey, in Dorset. A very hard limestone is 
found below the Coal measures, and is occasionally 
worked for building, as in the neighbourhood of 
Leicester, and of Bristol, and also in some parts of Scot- 
land; it constitutes the marble of Derbyshire. The 
Devonian formation produces a considerable quantity of 
good building limestone in South Devon, some of which 
makes an excellent marble. 

33. Oolites, which form a large and very useful class 
of building stones, are limestones of a peculiar construction, 
being composed of small particles, like the roe of a fish^ 
cemented together. They contain little or no silica, being 
almost entirely composed of carbonate of lime with a small 
proportion of the carbonate of magnesia. The best of 
those found in this country is from the Island of Portland, 
which contains 1*2 per cent of silica, 95 per cent of 
carbonate of lime, and 1*2 per cent of carbonate of mag- 
nesia. Its crushing strength is 3,900 lbs. per square inch, 
and its weight varies from 132 lbs. to 136 lbs. per cubic 
foot. Bath stone contains no silica, but has 94 J per cent of 
carbonate of lime, and 2 J per cent, of carbonate of mag- 
nesia. The crushing strength of that from the Box quarries 
is 1,492 lbs. per square inch, and its weight is 123 lbs. per 
cubic foot. The Ancaster stone has a similar composition to 
the Bath, but is harder and heavier, its crushing strength 
being 2,345 lbs. per square inch, and its weight 139 lbs. 
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per cubic foot. The oolitic formation lies geologically 
between the Chalk and the New Bed Sandstone^ and is 
divided in four distinct series, the upper of which is the 
Portland oolite, below this the Oxford oolite, next comes 
the Bath oolite, and lastly the Inferior oolite. Portland 
oolite is so called from the island of that name on the 
Dorset coast, which is entirely composed of oolitic stone, 
but of variable quality, the quarries on the east of the 
island producing better stone than those on the west. In 
the same quarry also there is a great difference in quality, 
the stone of the middle or " Whitbed," generally known 
in London as brown Portland, being considered best for 
building purposes, although the lower bed is more often 
used on account of its whiteness and being easy to work. 
The stone of Chilmark and Tisbury, although not decidedly 
oolitiCy belongs to the Portland series, which is also found 
in the counties of Bucks and Oxford. Oxford oolite is 
developed at Headington and Wheatly in Oxfordshire, the 
stone from which has been much used for buildings in 
Oxford ; also about Weymouth and other parts of Dorset. 
JBat/i oolite is found in North Wilts, in the neighbourhood 
of Chippenham ; also in parts of Gloucestershire, North- 
ampton, Lincoln, and Butland. There is much difference 
in Bath stone as regards durability and hardness, that which 
is called " Box ground" being generally considered best for 
outside work. Inferior oolite is found in Somerset, the 
stone of Doulting belonging to this series has been much 
employed for buildings of importance, and has a crushing 
strength of two tons per inch. It is also found at Hamhill 
near Yeovil, and Dundryhill near Bristol ; at Painswick 
and other parts of Gloucestershire it yields an excellent 
building stone ; the counties of Lincoln and Eutland also 
produce many quarries of the Inferior oolite. 
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34. Magnesian LmESTONE derives its name from being 
composed of the carbonates of lime and magnesia in nearly 
equal proportions. It belongs geologically to the New 
Red Sandstone series. The texture is very irregular, and 
consequently it is not to be always depended upon as a 
good rceather stone; that which is most crystalline is 
generally the best for resisting the action of weather. 
The stone from Bolsover is the hardest and most compact 
found in this country, its crushing strength being 8,300 lbs. 
per square inch, and its weight 152 lbs. per cubic foot. It 
contains 3*6 per cent, of silica, 51 per cent, of carbonate of 
lime, and 40 per cent, of carbonate of magnesia; its 
specific gravity is 2*43. The weight of that from the 
Anston quarries is 144 lbs. per cubic foot. The name 
Dolomite is also applied by geologists to the formation 
producing the Magnesian limestone, which, however, 
occupies but a small tract of country in England on the 
edge of the coal-measures of Yorkshire, Durham, and 
Nottingham, extending from Mansfield in the south to 
l^emouth in the north, and including Hartlepool, 
Darlington, Eipon, Tadcaster, Doncaster, and Mans- 
field. 

36. PoBOSiTY. — ^A very important feature to be con- 
sidered in selecting stone for the outside walls of buildings 
is the amount of water which it will absorb when exposed 
to the action of driving rains. A large number of speci- 
mens of various kinds of stone, well dried, were left for 
several days in water, and being carefully weighed both 
before and after the saturation, the exact quantity of water 
absorbed was ascertained. Among sandstones, we find 
that specimens of Craigleith stone and from Park Spring 
(Yorkshire) absorb '08 of their bulk of water ; Kenton 
stone, '099 of its bulk; Heddon stone, '104 of \t»\w5Ji.\ 
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Mansfield white, -092 ; and Mansfield red, '104. Morley 
Moor stone (Derbyshire) absorbs -134 of its bulk; Redgate 
stone (Durham) absorbs '104 of its bulk. 

Among the magnesian limestones, the Bolsover stone 
absorbs -079 of its bulk of water ; Jackdaw Craig, '104 of 
its bulk; Huddlestone, '12; Roach Abbey stone, '172; 
Park Nook, '221 ; Cadeby, '256. Of the limestones 
which are not oolitic, the Chilmark absorbs from '028 
to -086 of its bulk of water; Hamhill, -115; Bamack, 
•141. 

Of the oolites, Portland stone absorbs '135 of its bulk 
of water; Ketton, -151; Ancaster, '166; Box (Bath), 
•169; Haydor (Lincoln), -207. 

The absorbent power or porosity of stone is often found 
to be inversely as its density or specific gravity; thus, 
among sandstones, the Park Spring, whose density is 2-42, 
is least absorbent; and the Morley Moor stone, whose 
density is 2*09, is most absorbent. Among magnesian 
limestones, the Bolsover, having a density of 2*43, is least 
absorbent ; and the Cadeby, whose density is 2*03, is most 
so. Of the limestones, Chilmark, which has a density of 
2*52, is least absorbent ; and Barnack, whose density is 
2*19, is most absorbent. Among oolites, the rule does 
not hold quite so strictly, as Ancaster stone has both a 
higher density and greater absorbent power than Portland ; 
but Bath stone, whose density is considerably less than 
either, absorbs more water; while the Haydor, which 
is denser than Bath, absorbs much more water still. 

36. Strength. — The resistance of stones to a crushing 
force will generally be found to vary with their density, 
when the composition is similar; the strength of Park 
Spring, whose density is 2*42, being 7,600 lbs. on the 
e inch ; while that of Kenton, whose density is 2*32, 
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is 5,000 lbs. ; and Morley Moor stone, with a density of 
2-09, has a strength of 3,050 lbs. Bolsover stone has a 
strength of 8,300 lbs., with a density of 2-43 ; while that 
of Hoach Abbey is 3,900 lbs., with a density of 2*23 ; and 
that of Cadeby is 1,634 lbs., with a density of 2*03. 
Portland has a strength of 3,900 lbs., with a specific 
gravity of 2-17 ; that of Haydor is 1,780 lbs., to a density 
of 2*13; and that of Bath is 1,500 lbs., to a density of 
1-97. 

Tlie cohesive strength of stone, when subjected to a 
tearing or tensile force, is comparatively small, being only 
500 lbs. per square inch in Chilmark, and rather less in 
Craigleith stone. When large flat stones, in which the 
area of the beds is great in proportion to the thickness, 
are subjected to heavy pressure, it is necessary to be very 
careful in making the beds perfectly even ; otherwise, if 
there is any projection in the bed, it becomes a fulcrum 
for the superincumbent weight to break the stone upon, 
it being then subjected to a transverse strain instead of 
a simple crushing weight. It is in consequence of 
neglecting this precaution that large stones are so 
frequently fractured, the resistance of stones to trans- 
verse strain being much less than their resistance to 
crushing. 

37. Mortar is the material used for causing the beds 
of stones and bricks of which a wall is built to adhere 
together, so as to form one solid mass. It is composed 
of lime and clean sand intimately mixed together with 
water. The lime is obtained by burning limestone in a 
kihi, by which means the water and carbonic acid in com- 
bination with the lime are driven off and " quick " lime is 
obtained. When water is added to quick-lime it is 
rapidly absorbed, great heat being given out at the same 
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time ; the lime thus becomes the hydrate of lime and is 
said to be " slacked ; " it then gradually " sets," and 
absorbs carbonic acid from the atmosphere, returning to 
its old condition of carbonate of lime, and, in conjunction 
with the sand, forms a siliceous limestone. Mortars that 
harden slowly should be protected from the weather for 
some time, as rainwater easily dissolves the hydrate of 
lime if exposed to its action before it has had time to 
become a carbonate. 

The cohesive power of mortar is very slight while still 
moist, but as it dries this power increases, and in course 
of time may become as great as that of the stone or brick 
which it unites. Much, however, depends on the quality 
of the lime and the proportion of sand, about two or three 
of the latter to one of the former being generally used to 
make good mortar. Fat limes, or those which slack 
quickly when water is applied to them, do not generally 
make such strong mortar as poor limes, which take longer 
time in the process. It has been found that a great 
additional cohesive strength may be given to mortar by 
adding to it a small proportion of plaster of Paris, or, as 
it is called, rendering it " selenitic." The strength of 
mortar also depends much on the quality of the sand, 
which should be perfectly free from all earthy or clayey 
matters. 

Some limes, when mixed with sand and water, have 
the property of setting or hardening in walls that are 
built under water; such limes are termed " hydraulic," 
and generally contain a considerable proportion of 
alumina, with silica and oxide of iron. The Lias for- 
mation which underlies the Oolites supplies the greater 
part of the stone for these limes. 

88. Cements are artificial compounds of lime, iron, 
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silica or sand^ and alumina or other materials : they do 
not require any admixture with sand, which only weakens 
them. When mixed with water they set rapidly, and 
become very hard in a few hours. The principal cements 
used for building walls are those known as '' Roman '* 
and " Portland," the former being a mixture of limestone 
with pozzolana, which contains all the ingredients men- 
tioned above, besides small quantities of magnesia, 
potash, and soda. These are intimately mixed together 
in water, dried, and burnt in a kiln, and afterwards 
ground. Portland cement is generally a compound of 
limestone, such as chalk, with the mud obtained from 
river banks, the process of manufacture being similar to 
that of Roman. These cements are stronger after having 
been kept for some months in a dry place, than if used 
fresh. The cohesive strength of Portland, when used 
neat to form a joint between bricks or stones, is about 
600 lbs per square inch, when thoroughly hardened. 
Cements for inside decorative purposes which go by the 
names of " Parian," and " marble/' are composed chiefly 
of plaster of Paris mixed with borax or alum. They 
harden rapidly, and are capable of receiving a certain 
degree of polish. 

39. Protection of the face of stones which are much 
exposed to weather or the action of acids is of great im- 
portance in this climate, and various processes have been 
devised for preventing disintegration. Ransome's method 
is to coat the stone with a thin film of silicate of lime, 
which is done by first washing the surface with a solution 
of silicate of soda, obtained by boiling flints in a solution 
of caustic soda. The surface is then played upon with a 
solution of the chloride of calcium, obtained by dissolving 
lime in muriatic acid; a chemical change immediately 
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takes place, the silicate of soda changing to silicate of 
lime, which is insoluble in water, and the chloride of 
calcium changing to chloride of sodium or common salt, 
which is very soluble in water, and is easily washed 
oflf. 

Ransome's concrete stone is prepared in a similar 
manner. Finely sifted dry sand is mixed with a small 
proportion of pulverised stone or carbonate of lime, to 
each bushel of which mixture is added one gallon of the 
liquid silicate of soda, and the whole is well mixed in a 
mill. The plastic mass thus obtained is put into moulds 
and well rammed with wooden instruments so as to fill 
up all the interstices. When turned out of the moulds 
the blocks are played upon with a cold solution of the 
chloride of calcium, by which the mass is quickly 
solidified. It is then immersed in a boiling solution of 
the same material, and when removed from the bath is 
washed with water to remove the salt deposited on the 
surface. The crushing strength of this material varies 
according to the nature of the substances used in its com- 
position. 

Browning's solution for protecting the surface of stone 
can be applied like paint with an ordinary brush after 
the surface has been thoroughly cleansed. The composi- 
tion of this varnish is as follows : 85 J per cent by weight 
of benzoline, or other similar spirit, 10 of a resinous gum 
such as " gum dammar," 2 of wax, 2 of sugar of lead, 
and J per cent, of corrosive sublimate. 



For full information respecting the building stones of 
this country the reader is referred to the report of the 
C!ommissioners on Stone for Building the Houses of 
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Parliament, most of whicli is reprinted in Gwilt's " En- 
cyclopcedia." Also to the mineral statistics of the 
United Kingdom in the " Memoirs of the Geological 
Survey of Great Britain," edited by R Hunt, in which 
there is a short notice of all the important quarries in 
the kingdom. 



CHAPTER V. 

TIMBER. 

40. Growth. — ^The various timbers used for the pur- 
poses of building are derived from the class of trees which 
botanists denominate "Exogens" or outward growers, 
the new wood being added to the outside of that formed 
during the previous year. All trees found in cold 
climates and also the greater part of those in the tropics, 
belong to this class. The mode of development is as 
follows : the first year's growth of the stem consists of a 
central part called the Pith^ which is surrounded by a 
woody stem, covered on the outside by the Bark. In 
the second year the inner part of the bark separates from 
the wood, and sap forms between the wood and the bark, 
the new sap-wood being connected with the pith by means 
of cross passages called medullary rays, through which 
the secretions pass from the outside to the centre. The 
root absorbs juices from the soil and conveys them to 
the woody fibres immediately surrounding the pith, by 
which they pass upwards and throughout all the 
branches to the leaves. By means of the leaves the 
superfluous water is given off, and the fluid entirely 
changes its nature. It now descends through a series 
of tubes in the inner part of the bark, and is deposited 
so as to form the new wood, bark, &c. The circulation 
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of the sap will continue in trees ^fter the outer part of 
the bark has been removed. The pith connects the root 
with the leaf-buds, to which it conveys nourishment; 
it is at first green, and filled with fluid, but loses its 
colour as it dries up when the tree gets old ; this is the 
first part that decays in the live tree, the dead knots 
found in wood being the dried up pith of the branches, 
and many trees which appear sound outside will, when 
cut up, be found partly decayed in the middle. The 
cellular mass of the stem is pressed into plates of various 
thickness by the wedges of wood formed within it, so 
that when a transverse section is made of the stem 
these plates appear as a number of lines radiating from 
the centre, and are called the medullary rays. The 
medullary sheath consists of spiral vessels surrounding 
the pith, projections of which pass through it into the 
medullary rays; by means of this sheath oxygen is 
conveyed to the leaves, being obtained by the decom- 
position of water or of carbonic acid. Surrounding this 
sheath is the wood proper, which consists of concentric 
layers formed by successive deposits year after year of 
the nutriment which descends from the leaves. In 
countries which have a winter and summer, each layer of 
wood is the produce of one year's growth ; the secretions 
are found most abundant in the oldest layers, and when 
these become filled up they cease to perform any vital 
function, and form what is termed heart tvood. The bark 
also consists of concentric layers, being increased by 
additions to its inner layers so as to allow for the gradual 
distension of the wood beneath ; the outer bark does not 
increase but splits off, and a new one takes its place. The 
bark serves the double purpose of being a protection to 
the new wood, and also a filter through which the 
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descending jaices pass. The part immediately under the 
bark is called the mp-roood^ being that in which the fluid 
descends, and is deposited year by year ; the quantity is 
greater in some kinds of trees than in others, the oak 
having about three times as much as the chesnut, and fir 
trees having about four times the quantity. This part of 
the tree contains the largest quantity of albumen^ which 
is a material that readily decomposes. Growing trees 
contain a large quantity of water, and timber that has 
been newly cut is found to have from 20 to 45 per cent, 
of water, according to the character of the wood, the 
harder woods having less water than the softer. Before 
the wood can be used for building purposes, much of this 
water must be driven off, either by exposure to the air or 
by heating to about 130° Fahrenheit. The durability of 
timbers depends, in a considerable degree, on the quan- 
tity of turpentine they contain, as this is nearly insoluble 
in water, and prevents the decay of the wood. Tannin is 
also a very serviceable material in timber, giving great 
durability to such woods as contain the greatest quantity 
of it, as for example the oak. 

41. Decay. — ^When timber has been employed in a 
building, it is sometimes found, after a few years, to be 
in a state of decay, so that the safety of the whole structure 
becomes endangered. This generally arises from the use 
of new timber insufficiently seasoned. When a tree is 
fresh cut down it contains a considerable amount of mois- 
ture, especially in the part near the outside called the 
sap-wood. Before, therefore, being used in a building it 
should be well seasoned, so as to get as much as possible 
of the sap out of it ; if this is not done a certain amount 
of fermentation will take place in the albumen contained 
inside the timber, which causes the deposition of the 



DECAY OF TIMBER. 99 

spores of fungi upon it, as these are constantly floating iu 
the air unperceived, and only waiting for a situation 
suitable to their development in order to deposit them- 
selves. If the timber is in a damp place without ventila- 
tion or a free current of air, the fungi develop very 
rapidly into minute fibres, covering the whole surface of 
the wood with a white film ; these fibres penetrate into 
all parts of the wood, from which they suck the juices, 
and soon leave nothing but a soft, dry, powdery mass, 
which will fall to pieces when touched. A free current 
of air is hostile to the growth of the fungi, while a stag- 
nant condition of the air, especially if the temperature is 
high, accelerates their growth. If sap-wood is used in 
a building, it is always the first to be affected by 
decay. 

The prevention of decay in timber is a subject which 
has occupied the attention of many scientific persons, who 
have invented various processes of more or less utility. 
The most important point, however, is to get rid of all the 
superfluous water and sap, which can be done by soaking 
the wood for a few days in water, and then gradually 
drying in air, or by the quicker process of placing it in a 
chamber raised to a temperature of 130°; but timber 
must not be over-dried, otherwise it becomes brittle. If a 
solution of chloride of mercury or corrosive sublimate is 
injected into the pores of the wood, it combines with the 
albumen, and renders it insoluble, and thereby prevents 
its decomposition. Steeping wood in a fluid obtained 
from tar, and called creosote^ is a very effective method of 
preventing decay, but can only be applied to rough tim- 
bers, as joists, sleepers, or rafters. Washing the surface 
with a solution of sulphate of copper or of corrosive sub- 
limate, will prevent the formation of fungus on the surface 
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of wood, and the latter is effective against the attacks of 
insects. 

42. Beams. — Timber, when used as a beam, may be 
loaded in several different ways ; either fixed at one end 
and loaded at the other, or over its entire length ; or sup- 
ported at both ends and loaded in the middle, or loaded 
at several points, or loaded uniformly over its whole 
length. For convenience of calculation we shall give a 
distinct formula for each mode of loading. In obtaining 
these formulae, it is assumed that the resistance of the 
material to extension and compression is exactly in pro- 
portion to the tensile and compressive strains applied; 
also that the neutral axis coincides with the centre of 
gravity of the section (10), the strains on the beam being 
less than sufficient to cause permanent injury to the 
fibres. 

It has been previously shown (12), that when a beam is 
fixed or supported in a horizontal position and strained by a 
force (W), the " moment of resistance " of the beam at any 
section is directly as the moment of inertia of the section, 
taken about its neutral axisy and inversely as the distance 
of the neutral axis from the farthest edge of the section. 

When a rectangular beam A B is fixed in a waU at 
A (fig. 16)* and strained by a weight W at the other 
end B, the Tnmfierd of the strain M at any point D (where 
B D = ir) has been shown (8) to be 

and this must be equal to the moment of resistance^ which 
has also been shown to be 

M:= si, 

z 

* Page 21. 
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where I is the moment of inertia of the section, z the 
distance of the neutral axis from its furthest edge, S the 
strain per square inch of section, and depending on the 
nature of the material. The section of the beam being 
a rectangle of depth d and breadth 3, we have by (12), 
I III JL5. J . f<P, and z = \d. 
Hence it follows that 

The strain is of course greatest when ^ = /, the length 
of the beam, or we have for the case of a beam fixed at 
one end and loaded at the other, 

W = J S -^ . . (A). 

When the weight W is uniformly distributed over the 
entire length of the beam, we have from (8) for the 
moment of strain at A, 

M = T[ ; = ^ S . M^ 

.-.W^iSy^ . . (B). 

for a beam fixed at one end and uniformly loaded over 
its whole length. When the beam is supported at each 
end and loaded at the distance a from one end and b from 

the other, it has been shown (8) that M = W — *— > there- 

fore in such a case 

W = i S ^ I . . (C). 
a . 

If the load is in the middle, a = 6 = ^ ly and 
W==fS^^ . . (D). 
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for a beam sapported at each end and loaded in the 
centre. 

When the beam is uniformly loaded throughout, we 
have, by (8), M = J W /, and therefore 

W=^8~. . . (E). 

For a beam supported at each end, and loaded with J W 
at each of two points dividing the length into three equal 
parts, 

W = S *^ . . (F). 

Comparing this with (D) we see that the beam will 
bear half as much more load than it will when W is 
at the centre. 

The value of S has to be determined by experiment, 
for each kind of material. For if a beam, supported at 
each end, breaks with a load W at the middle, the 
value of S can be obtained from the equation, 

Experiments by Barlow* on beams of the best English 
oak, 7 ft. long and 2 in. square, give W = 637 lbs. as 
the breaking weight in the middle. Substituting these 
values in the formula for S, we have, 

S = ^ X 637 X -?i- = 10,033 lbs. 

2x4 

In order to find the strength of any other beam of oak, 
we have only to substitute this value of S in either of the 
foregomg formulsB, (A), (B), (C), (D), (E), (F). 

In a similar manner the value of S may be obtained 

• Barlow, On Strength of Material. Lockwood & Co. 
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from the experiments of Barlow upon other kinds of tim- 
ber, as given in the table below, the length being in feet, 
and all the other dimensions being put into inches in 
using the formulae, and the breaking weight W in lbs. 

Value of S. 
Red pine 671 

Pitch,, 816 

Riga fir 540 

Beecli 778 

Oak, British 836 

„ Dantzic 730 

„ Canadian 883 

From the above formulae it will be seen that the break- 
ing weight at the weakest part of a rectangular beam is 
proportional to the breadth multiplied by the square of 
the depth, divided by the length. Also, by comparing 
(D) and (E), it appears that when ihe weight is equally 
distributed over the whole length of the beam, the break- 
ing weight is twice as great as when concentrated at the 
centre. Hence we may consider the beam's own weight 
as straining it with a force equal to that produced by 
half its weight laid on the centre, and the beam may then 
be considered as without weight. 

It is found by experiment that when the ends of abeam 
are firmly held down, the breaking weight is half as 
much more as when the ends are only supported loosely. 

The permanent load laid upon a beam of timber ought 
not to exceed one-sixth of the breaking weight. 

Example. — Let a beam, AB (fig. 19)* of English oak, 
having a breadth 8 in., depth 10 in., and length 10 ft., be 
loaded at D, 3 ft. 4 in. from A, and 6 ft. 8 in. from B ; to 
find the breaking weight. By formula (C) we have, 

W = iS^l=^-^x ?,— ,- X 10 = 50,160 lbs. 
ao 6 3J x6^ 
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If D is the centre of the beam, by formula (D) we have, 

W = f S -,- = 557 X ^^ = 44,560 lbs. 
^ I 10 

Let the same beam be laid on its side ; then we have 
i = 10 in., d = 8 in., and the breaking weight is, 

W = 557 X ^ = 35,648 lbs. 

10 ' 

so that W : W : : 640 : 800, or as 4 : 5. This dif- 
ference arises from the fact of the strength being pro- 
portional to the square of the depth, while it is only as 
the first power of the breadth. If, then, we double the 
breadth we only double the strength, but by doubling the 
depth we quadruple the strength. 

If a prop or pillar is placed under the centre of a 
beam, supported at each end, it may then be considered 
to be divided into two separate beams, each of which 
being half the length will have double the strength of the 
unsupported beam, since the strength is inversely as the 
length; so that the whole beam will bear four times as 
much when supported in the middle as well as at the 
ends, as it will when only supported at the ends ; and 
one-half the load will be borne by the pillar. 

Suppose a beam AB (fig. 19, page 24), uniformly 
loaded, to be supported on three pillars at A, D and B ; 
then the pillar at D will bear half the load of the beam, 
and the pressures on A and B will be inversely as their 
distances from D. If we call P the reaction at A, Q 
that at B, and E that at D, we find, by taking 
moments of the forces about A and B, that, 

P: Q:K = DB: DA: AB, 

and R = P 4- Q = J t'^G load on the beam. 
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Also the strain on the two parts of the beam, AD and 
BD, will be proportional to their length, and the load 
they will carry will be inversely as their length. 

43. Safe-Load. — In following the several steps of the 
foregoing investigation, the student will notice a certain 
apparent contradiction between the hypothesis on which 
we start and the result we obtain. For whereas we begin 
by assuming that the strains are not such as to cause 
permanent injury, we end by applying the formula to the 
determination of the breaking-weight of the beam. As 
however in practice we seldom care to know the breaking- 
weight, but only the safe-loady it is better to ascertain 
what is the safe-load per unit of section that we can apply 
to the material of which a beam is composed, and determine 
therefrom the scantling that must be given to it, so that the 
strain upon any part shall not exceed that load. K we put 
/to represent the resistance of a square inch of the fibres 
at a distance of 1 inch from the neutral axis, then the resist- 
ance per square inch at top or bottom of the rectangular 

beam whose depth is r/, is y x •^« Suppose the section 

of the beam to be divided horizontally into 2n equal 

d 

ment of resistance of the several rectangles will be 



rectangles, then the thickness of each is _ , and the tiw- 



M 



or, 11=/. ^^~, nearly, 

when n is very great, or -- very small. 
And since the moment of W at the centre of ^\i^"^\S!LSa» 
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i Wly and must be equal to the above moment of resist- 
ance, we have 

W = |-/|.f (G) 

In order to be able to apply this formula to any par- 
ticular beam we must ascertain the value to be given to /. 
Now the crushing strength of oak is 10,000 lbs per 
square inch, while its tensile strength is 15,000 lbs ; but, 
as the strength of a beam is only that of its weakest part, 
we must take the lower amount as the breaking-strain 
per square inch at the top or bottom edge of the beam. 
Taking one-sixth of 10,000, or 1667, as the safe strain, 
we have 

/ X I = 1667, 

which gives for the safe-load in lbs at the middle of a 
beam of oak from formula (E), 

W = 1111 y^ 

where all the dimensions are in inches. 

Applying this to the example given above (42), where 
3=8, cif = 10, /= 120, wo find the safe-load to be 
7407 lbs., which is very nearly one-sixth of the breaking- 
weight as determined by the previous formula. If the 
beam is of fir, we must not take the safe strain per inch 
at more than two-thirds of what we have taken for oak ; 

so that in fir we shall have f x -^ = 1111, which gives 

from formula (G) 

W = 741 -*f 
c 

for the safe strain in lbs. at the middle of a beam of fir, 
all the dimensions being expressed in inches. 
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The crashing strength per square inch for different 
kinds of timber is given at page 113, so that by taking 
one-sixth of the value found in that table for the value 

ofy X —, we can determine the safe-load at the middle 

of any rectangular beam by means of the formula (G). 

44. Deflexion. — ^A beam that is supported or fixed 
in a horizontal position, and subjected to a transverse 
strain, will be bent or deflected from the straight line, 
and will assume a curved form. The resistance to de- 
flexion follows a very different law to the resistance to 
fracture. Let D be the amount of deflexion or distance 
of the centre of a loaded beam (supported at each end) 
from its position when unloaded ; E the modulus of elas^ 
ticity (11) ; W the load laid on at the centre ; I the dis- 
tance between the points of support ; b the breadth and d 
the depth of the beam. Then it is shown by writers on 
the strength of materials, that when the limit of elasticity 
is not exceeded, the deflexion varies directly as the weight 
W and as the cid)e of the length ^ ; it is also inversely as 
the moment of inertia (I) of the section. Hence we obtain 
the expression for the deflexion, 

^ W /^ 
^ = 48E^r 

And in a rectangular beam, 1 = -^b . d^ (12), 

W ? 
•••^ = 4E^i7^ (H) 

The resistance to deflexion is, of course, intersehj as the 
deflexion, and is expressed by the formula. 



D " W ^ V' 



3 
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That is to say, the resistance to deflexion is directly as 
the breadth into the cube of the depth, and inversely as 
the load into the cube of the length. 
The value of E is found from the equation, 

^ = 4D ^ FTdf 

In the case of an oak beam 2 in. square and 84 in. 
long, supported at the ends and loaded with 200 lbs. in 
the middle, a deflexion of 1*28 was obtained. Substi- 
tuting these values in the formula for E, we get, 

oQO 84^ 

^^ 4 x^l'28 ^ 2 X 2^ ~ 1447031 lb«. = 646 tons. 

In a similar manner we obtain the values of E from 
experiments on other kinds of timber, as given in the 
following table : — 

Value of E in tons. 
E-edpine ....... 821 

. Pitch,, 547 

Riga fir 674 

Beech 604 

Oak, British 646 

„ Dantzic 520 

,, Canadian 845 

In using the formula (H) with these values of E, W 
must be expressed in tons. The formula for deflexion 
shows us the advantage gained by increasing the depth ; 
for if we have two beams of equal length and breadth, 
but the depth of one beam double that of the other, the 
deflexions with the same load will be as 1 to 8, or by 
doubling the depth we increase the power of resisting 
flexure eight tunes. 

When the load is uniformly distributed over the whole 
length of the beam, it can be demonstrated that the de- 
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flexion is reduced to five-eighths of what it is when the 
load is concentrated at the middle ; so that the deflexion 
of a beam, arising from its own weight alone, is flve- 
eighths of that which it would have if all its weight were 
to act at its centre. The deflexion of a beam, whose ends 
are firmly fixed, is half that of the same beam when the 
ends are only loosely supported. 

Example 1. — To apply the formula (H) to ascertain the 
deflexion of the oak beam in (42) with W equal to 5 tons 
or one-fourth of the breaking weight laid on the middle. 
Here, 



■'^ - 4E ^ 6 . c/^ - 4 X 646 ^ 8000 - '^^^ ^°' 

If the beam is laid on its side and loaded with 4 tons, or 
one-fourth of its breaking weight, we find D = -522 in. 

Example 2. — Let it be required to find the breadth 
that must be given to an oak beam 10 in. deep and 10 ft. 
or 120 ins. bearing, in order that its deflexion D shall 
not exceed one-tenth of an inch when loaded in the 
middle with a weight of 1 ton. Here we have to calcu- 
late b from the equation, 

W.f 1728000 



4E . D . rf - 258 X 1000 



=r 6-7 in. 



Now, suppose the breadth to be given, say 8 in., and 
other things being as before, it is required to find the 
depth of the beam. We have to calculate the value of 
d from the equation, 

^ _ -W • ?L_ = 1728000 ^ 83g 
" - 4B . D . ^ 258 X 8 

.:.d= </836 = 9-42 in. 

45. Long Pillabs. — When, timber is subjected to a 
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compressing force in the direction of its length, as when 
used for columns, struts, &c., it will break either by 
bending, or by the crushing of its fibres, or by a com- 
bination of bending and crushing. This will depend on 
its length as compared with its diameter; for if its length 
is 30 times the diameter, the pillar will break by bending 
before crushing can begin. If its length is less than 
25 times, but more than 10 times the diameter, it will 
break partly by crushing and partly by bending. If the 
length is less than 10 times the diameter, it will break 
by crushing only. 

The mathematician Euler ascertained, from theoretical 
investigations on elastic rods, that the strength of long 
pillars in which the diameter is small as compared with 
the length, was proportional directly to the fourth power 
of the diameter, and inversely as the square of the 
length. 

In the case of pillars of wood the experiments of 
Hodgkinson confirmed the rule obtained by Euler, and 
the formula for the breaking weight of pillars, whose 
length is 30 times the diameter, is 

The value of a is 11 for Dantzic oak, and 8 for red 
deal, W being in tons, d in inches, and I in feet In 
practice a pillar ought not to be loaded with more than 
one-tenth of its breaking weight; so that if we put 1*1 
and -8 for a, the above formula will give us the safe 
permanent load in each case. 

In order to facilitate the calculation of this formula, 
we have given a Table of the second and fourth powers of 
numbers in the Appendix. 
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Example. — Let ^ = 10 ft., ei? = 4 in., a = I'l ; then 

4' 
W = 1 •! iQi = 2*8 tons, safe load. 

Mr. Hodgkinson found by experiment that if the load 
does not press on the pillar exactly in the direction of 
its axis, the strength is greatly diminished ; and if it act 
in the direction of the diagonal, the strength is reduced 
to one-third of what it is when it acts down the axis. 

46. Short Pillars. — When the length of a pillar is 
less than 25 times its diameter, but more than 10 times, 
the resistance to crushing comes into action as well as the 
resistance to bending j the material being partly crushed 
before it breaks by bending. Mr. Hodgkinson's method 
of approximating to the strength of such pillars is, first 
to calculate the breaking weight {b) by the formula for 
long pillars, as above ; then if c is the area of the section 
of the pillar in inches multiplied by the crushing strength 
per square inch (as per table),* the breaking-weight (W) 
is found by the formula, 

^^ '^ b + %c 

Thus, in deal the crushing strength per square inch is 

about 3 tons, or between 6,000 lbs. to 7,000 lbs., and in 

oak 10,000 lbs., or 4^ tons. Let us find, for example, 

the breaking-weight (W) of a pillar of oak, 4 in. square, 

whose length is 5 ft., or 15 times the diameter; then we 

have, 

rf* 256 

i zz: a ^ = 11 X -^ = 112'6 tons. 

^ = 16 X 4-5 = 72 tons. 

* Page 113. 
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^r 112-6 X 72 .Q^x 
. W = — = 48*7 tons. 

112-6 -f- 54 



The permanent safe load^ acting in the direction of the 
axis of the column, will therefore be 4*9 tons. 

In pillars whose length is less than 10 diameters, the 
material is crushed before it can begin to bend, and 
therefore the crushing strength alone has to be con- 
sidered, which is in proportion to the area of the trans- 
verse section ; so that the strength of a short pillar is 
found by multiplying the number of square inches in the 
section by one of the numbers in the following table, 
which is the result of Hodgkinson's experiments on 
cylinders of wood, 1 in. diameter and 2 in. long, flat at 
the ends. The figures in the first column are for speci- 
mens moderately dry, while those in the second column 
are for specimens kept in a warm place for two months 
longer, after being turned. It was found that wet timber 
showed great weakness, being in some cases less than half 
as strong as dry timber. (See Mr. Hodgkinson's paper 
in the ^^ Philosophical Transactions" 1840.) 

In making use, however, of this table, it must be borne 
in mind that when a piece of timber is cut out of a tree, 
different parts of it wiU possess different degrees of 
strength. Thus the older wood near the centre will be 
much harder and stronger than that near the outside ; 
the strength will also depend upon the age of the tree, 
older trees which have not begun to decay being generally 
tougher than younger ones. For these reasons the tabu- 
lated numbers can only be taken as giving an approxima- 
tion to the relative strength of different kinds of wood, 
and are probably rather above the average strength. 
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Description op Wood. 



Alder 

Ash 

Baywood 

Beech 

Birch (Ameiican) . . . 

„ ^English) . 

Cedar 

Crab 

Deal (lied) . . . . 
„ (White) 

Elder 

Ebn . . . 
Fir (spruce) .... 
Hornbeam .... 
Larch (fallen 2 months) . 
Mahogany .... 
Oak (Quebec) .... 
„ (English) . 
,, (Dantzic, very dry) • 
Pines, pitch 

„ yellow, full of turpentine 

„ red ... . 
Plum (wet) .... 

» (dry) . . . . 
Poplar • • . . 

Sycamore 

Teak 

"Walnut 

Willow .... 



Crashing Rtrength per squoi'e 
inchinllw. 



6,831 


6,960 


8,688 


9,363 


7,618 


7,518 


7,733 


9,363 


■ — 


11,663 


3,297 


6,402 


5,674 


6,863 


6,499 


7,148 


5,748 


6,586 


6,781 


7,293 


7,451 


9,973 


— 


10,331 


6,499 


6,819 


4,533 


7,289 


8,201 


5,568 


8,198 


8,198 


4,231 


5,982 


6,484 


10,058 




7,731 


6,790 


6,790 


6,375 


5,445 


5,395 


7,518 


3,654 




8,241 


10,493 


3,107 


5,124 


7,082 


— 




12,101 


6,063 


7,227 


2,898 


6,128 



47. Tensile Strength. — The resistance of timber to a 
3tretching-force acting in the direction of its length is 
proportional to the area of the transverse section, and 
quite independent of the length. The ultimate strength^ 
or force that will break timber by stretching, is from 3| 
to 6 tons per square inch for fir, and from 4 to 8 tons for 
oak. Therefore to find the resistance of any piece of fir 
or oak to a stretching force, multiply the number of 
square inches in its section by one of these quantities. 

The strain is here supposed to be applied in the direc- 
tion of the fibres, but when the tensile foica «b^\3^ ^\» ivgc^ 
angles to their direction the resistance oi \k^ ^roqSlSj^^^^ 
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much less, being about 1 ton per inch in oak, and -^ of a 
ton in fir. For the tensile strength of other kinds of 
wood the reader is referred to " Carpentry and Joinery/'* 
in Weale's series, as edited by the present author. 

48. Floors. — ^The strength of the timbers which carry 
a floor can be determined by the rules given above (42), 
(43), when we know the amount of load they are required 
to carry. In single-joisted floors the depth is generally 
5, 7, 9 or 11 inches, so that if we suppose them to be 
placed 12 inches from centre to centre, and to bear safely 
a load of 100 lbs. to every square foot of flooring, we 
shall have a uniformly distributed load on each joist of 
100 X L lbs. (L being its length in feet), which is equi- 
valent to half that load at the centre. We can, therefore, 
in the casQ of fir joists, whose depth d and length I are 
given (in inches), find the breadth by means of the 
formula given above (43), namely, 

W^ ^ _ 50L l_ 
*~741 * e?- 741- dP 

= -0675 L ^ 

The following Table of breadths is calculated from this 
formula, and gives the minimum scantling of single joists 
of diffierent lengths required for safety when the load is 
100 lbs. on every square foot of flooring. 



I 



L in ft. 


. d = 6" d = 7" 


d = r 


d = 11" 


h in ins. 


h in ins. 


h in ins. 


5 in ins. 


6 

8 
10 
12 
15 
18 


u 

2i 

• • • 

• • • 

• • • 


• • • 

u 

2i 

• • • 


• • • 

• ■ • 

• • • 


• • • 

• • • 

• • • 

1 
li 

21 



• Lockwood &c Co. 
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Where the ends of the joists are carried on Binders, 
the scantling of these must depend on the span of the 
joists as well as the length of the binder. Let S be the 
span in feet of the joists, L the length in feet of the 
binder, I and d its length and depth in inches, then for a 
given value of I and d we get — 

b = -0675 L . S 4- 

a* 

The following table gives the value of b when the depth 
is 10 inches and 12 inches for different values of L and S; 
no allowance, however, is here made for notches or mortice 
holes cut in the binder for the ends of the bridging joists ; 
where these are made, an extra thickness of one inch 
should be given on each side in which they are cut, as 
they considerably weaken a beam. 





1 


j d = 10" 


d = 12'' 


Lin ft. 


Sin ft. 










i b in ins. 


b in ins. 


10 


6 


1 

3 


t • » 




8 


Si 


81 




10 


8* 


5J 


12 


6 


74 


5 


fj 


8 


n 


6i 


J f 


10 


lOJ 


8* 


15 


6 


11 


H 




8 


■ ■ • 


lOi 




10 


• ■ • 


12} 



When the binders themselves have their ends framed 
into Girders, we have the case of a beam loaded at one 
or two intermediate points. Thus in a girder 10 or 12 ft. 
long there will be a binder framed into it at the centre, 
and in one of 15 or 20 ft. there will be two binders 
dividing the girder into three equal bays. In the former 
case we have half the weight W of the floor acting on 



116 TIMBER. 

the middle of the beam, and in the latter we have the 
case provided for by ihe formula (F) (42), the strain being 
t\s'o«thirds of that produced when all the load is at the 
centre. When there is only one binder at the centre of 
the girder, if we put S for the span of the bridging joists, 
L the length of the binder, we have W = 100 S x L as 
the load on the centre of the girder, since half the weight 
of the floor is carried by the walls on which the ends of 
the bridging joists rest ; so that 

* = -135L.S^ 

gives the breadth of a fir girder whose length and depth 
are known, which will safely bear a load of 100 lbs. per 
square foot of flooring. As an example, let S = 6, 
L = 12, ; = 144, d = 12; then 

144 
6 = -135 X 6 X 12 j^ = 9| inches. 

Let there be two binders 6 ft. apart framed into a 
girder 18 ft. long, the depth being 12 inches as before. 
In this case one-third of the load is carried by the walls, 
and the total weight sustained at two points by the beam 
is 100 X 2S X L, which by formula (F) is equivalent to 
a load of f X 100 x 2S x L placed at the centre; or, 
W = ^ W, so that b will be ^ of the breadth found in 
the former case; that is, b = 13 inches. An extra 
breadth should be given to allow for the mortice holes 
cut in the girder for the ends of the binders, but as these 
only occur in one or two places they do not materially 
injure the strength. 

49. Timber Framing. — When a piece of timber is used 
in framework, it is subjected to one or more of the strains 
which we have been considering, and its proportions must 
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be arranged according to the amuunt, character, and 
direction of the strains it has to hear. When a heam is 
subjected to a Btrain in any direction, the Btraining force 
can be reeolred into two other forcea at right angles to 
each other, one acting tranaverBely and another acting 
longitudinally, by means of the principle of the resolution 
of forces (3). 

Suppose a rafter AB (fig. 39) carrying a load W acting 
at its centre of gravity g, to lean against a wall at B, and 



Pig. s». 



to be framed into a 
horizontal beam at A. 
Let F be the reaction 
of the wall acting hori- 
zontally at B ; then B 
the reaction at A is 
the resultant of the 
two forces W and F, 
and its direction meets 
that of W and F in E. 
If then Ee is taken to 
represent on Bcale the 
weight W, the hori- 
zontal line de will represent F, and E</ will represent B, 
in direction and magnitude ; or the three forces W, F and 
R are in the ratio of the three sides of the triangle IW. 
We can also determine the relation of F to W by equating 
the moments (4) of these forces taken about the point A, 
namely, 

F X BC = W X J AO, 
. AO^ 
2B(J 




F^W^ 



Now, suppose the vail BC removed, and that in its 
place is substituted another rafter BA' equal to &B, %iA. 
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framed into the tie-beam AA' (fig. 40) ; P will now be 
the mutual presaure of the two rafters at B, and the hori- 
zontal strain on the tie-beam will be represented by the 
line de (fig. 39) ; E« being the line which represents the 

Fig. 40. 




weight laid on each rafter. The tie-beam must also be 
made sufficiently strong to bear its own weight without 
bending, which it may also be prevented from doing by 
being held up in the middle by a piece of timber called a 
Fig. *1. 




king-post, into the head of which the two rafters are 
framed (fig. 41) ; by this means the transverse etrain on 
the tie-beam is reduced to one-fourth of what it is when 
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the king-post is absent, so that its dimensions may be 
reduced accordingly ; the vertical strain on the king-post 
is half the weight of the tie-beam, and ita scantling may 
be determined from the rule giyen for tenaile strength (47), 
allowing abont 1 ton per square inch of section as the 
safe stnun. 

The next step is to strengthen the rafters by means of 
stratB CE and CE' framed into the foot of the king-post, 
and supporting the centre of each rafter. The prossure 
«t E of the load on the rafter may be considered as Jialf 
the entire load laid on the rafter. Let EW represent the 
vertical load at E ; draw We parallel to AB and e/" hori- 
aoataL Then Ee represents the compression on the stmt, 
which can be resolved into its vertical and h^tzontal 
components E/ and ef^ the former of which represents 
the additional vertical strain produced by &ick strut on 
the king-post ; and the latter is coanterbalanced by the 
horizontal tbrost arising from the opposite strut CE'. 

The tie-beam may be sustained in two places by means 
of queen-posts BC, B'C (fig. 42), into the heads of which 




the rafters are framed, and their reaction transmitted by 
the straining-piece BB', which is compressed by the force 
F, rq)reaented by de (fig. 39). Each queen-post sustains 
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one-fourth the weight of the tie-beam, by means of an 
iron strap passed round the tie-beam and bolted to the 
foot of the queen-post ; and the tie-beam will be able to 
bear nine times as great a transverse strain as it would if 
supported only at the ends. Each queen-post has also to 
sustain the vertical component of the thrust from one of 
the struts, the horizontal components being counter- 
balanced by means of a straining-piece inserted between 
the feet of the queen-posts. 

To find the strains upon the rafter AB (fig. 39), resolve 
the resultant E into its two components perpendicular 
and parallel to AB; these will be represented by the 
lines Wi and d^ ; then Wi represents the transverse strain 
at the centre, and dh the longitudinal compression. It 
will be seen from the figure that the horizontal thrust is 
greater for a low pitch than for a high one ; putting R 
for the force Erf, acting down EA, and F for the horizon- 
tal thrust edj we find when the angle B A C is 26"* that 
F = W, and R = 1-4W; for BAG = 30°, F = -STW, 
and R = 1-3W; for 45° pitch, we find F = JW, R = 
M2W; when BAG == 60% F = •3W, R = 1-04W. 
With a pitch of 26** we also find the transverse strain eh on 
the rafter to be •444W, and the compression lid down the 
rafter is 1-33W; for a pitch of 30° these are -423 W and 
1'23W respectively; for a pitch of 45®, they are •355W 
and 1-052W ; and for 60® they are •25W and 1-OlW. 

The various strains to which the different timbers in a 
truss are subjected may also be determined graphically by 
Maxwell's diagram of strains (3), and an example of its 
application to a king-post roof will be found worked out 
in detail in the author's treatise on Garpentryand Joinery 
in Weale's Series* (page 108). 

• Lockwood k Co. 
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60. Scantlings. — In order to be able to determine the 
scantlings that mnst be given to the timbers of a roof^ we 
mnst know what weight it will have to cany. Tredgold 
gives the weight of a slated roof with the timbers as 
26 lbs. per square foot of surface, to which he adds 
40 lbs. per foot for the action of "wind and other 
occasional forces ;'' this is probably sufficient to allow for 
the pressure of the wind on a roof of moderate pitch ; but 
as recent experiments have shown that the force of a high 
wind sometimes amounts to 50 lbs. per square foot on a 
plane surface exposed to its direct action, we must add 
as much as this where the roof is of high pitch. For 
low-pitched roofs we may therefore consider 66 lbs. per 
foot as the total pressure to be sustained, and in roofs of 
high pitch 76 lbs. per foot must be taken as the load ; 
and the total load W sustained by the rafter AB of a 
trussed roof will be found by multiplying its length by 
the distance apart of the trusses, and the product by 66 
or 76 according to the pitch of the roof. 

The following rules are given by Tredgold for deter- 
mining the scantlings of the several timbers of a trussed 
roof of j^r. Let b be the breadth in inches, d the depth 
in inches, and I the length in feet of any beam : — 

1. King-post, bxd='\2lxs = area of section, 
where s is the span in feet. 

2. Queen-post, bxd= '27 lxs = area of section, 
where s is the length of the part of the tie-beam which 
each post sustains in feet. 

3. Tie-beam ; s being the length in feet of the longest 

unsupported part ; rf = 1*47 —77, in inches. 

4. Principal rafters having a king-post ; rf = '96 x 
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— ^ — , in inches, s being the span in feet When there 

are two queens, the multipMer is -155 instead of •96. 

5. Straining-beam between heads of queen-posts, where 

d:b = 10: 7,0Tb = *7 d; then d = '9 /sJWs^ s being 

the span in feet. 

6. Struts and braces supporting rafters, of which s is 
the length unsupported in feet ; where d : b = 10:6, 

orb = 'Qd; then d = -S^^V^- 

7. Purlins ; s being their distance apart in feet, where 
d = '6d; then d = y/s^P, 

8. Common rafters, where I is the bearing in feet, 

rf = -72-i . 

61. Hammer-beam Roof.— In this kind of roof-truss 
the tie-beam is omitted, and the portion of the rafter 
which rests on the wall is made rigid by being framed 
into four pieces of timber, as A D C K (fig. 43) ; a 
horizontal /lammer-beam AC rests at one end on the 
wall and has the foot of the rafter framed into it as 
into a tie-beam; the outer end C supports a vertical 
strut C D, which is framed into the rafter at D ; and the 
end C is also supported by a bracket or strut C K framed 
into a vertical wall-piece A K. We have, therefore, only 
to consider the thrust arising from the load in the portion 
of the rafter D B, the weight W of which may be sup- 
posed to act at H, and we determine the relation of the 
forces as before (fig. 39), by drawing the horizontal line 
B E to meet the vertical through H, and if "Ee represents 
the weight W, the line E D will represent the pressure at 
D, and De the horizontal thrust F acting at D. By 
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means of the rigid piece of trammg D K thia thrust is 
bronght down to the 
point K, and the lower 
this point is down the 
wall the less will be the 
tendency of the thrast to 
overturn it. The force 
F at K has a moment 
F X K S about the outer 
edge S of the wall, wbich 
is counteracted by the 
moments of the weight of 
the half truss and of the 
wall itself. IfWisthe 
weight of the upper part 
of the roof above D, m 
that of the frame D K, 
and R the weight of the 
wall itself, we may con- 
sider all these forces as 
acting down the middle 
of the wall ; and in order that the structure may have 
stability we must have 




(W+fo+ Q)l>FxKS 



^6 strains in the pieces AG, C K, may be determined as 
previously shown (2) in the case of a bracket. To find 
the compression down the strut D C, draw £^ perpen- 
dicular to B D, and hn horizontal, then Era will represent 
the vertical pressure at D from the rafter D B. To find 
the pressure arising from A D, draw D F perpendicular 
to A D, meeting the vertical through the middle i^uit. «£ 
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A D at F ; draw FA; let Fa represent the weight of the 
rafter A D, draw ab parallel to D F, and ab will he the 
reaction at D of A D ; draw be horizontal, and ae will repre- 
sent the pressure down D C arising from A I) i so that En 
+ ae will be the conipresBinn in D C. The line ¥c is the 
vertical pressnre arising from A D upon the wall at A. 
In this manner the strains upon any part of the framing 
can be compared with the weight of the load upon the 
rafter. 
62. Akched Roof. — Ribs or rafters of a semi-circular 

Fig. 44. 




form are constructed of planks bolted together side bj 
BU^ three or more thicknesses being used in their coo- 
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struction. Let A B (fig. 44) represent the half of such a 
rib, carrying the load of a roof by means of purlins at C, 
D, E, and B, and resting on a pier at A. Let W be the 
weight of the rib itself, acting at G, its centre of gravity, 
O G being '9 D by the table in the section on " centre 
of gravity '' (6), the line B E D C passing through the 
centre of the rib ; let ro be the load on each purlin, acting 
at B, E, D, and C. At B only \ w must be taken. Then 
if F is the horizontal pressure, at B of the other half rib, 
we have to take the moment of F about A as equal to the 
sum of the moments of the weights ; therefore the equation 

F X B = W X Ay + ?2? (i A + A^ + Arf + Ac) 

determines the horizontal thrust F, which we can now 
consider as acting at the base A of the rib, and tending 
to overturn the pier about its outer edge Z. To resist 
this thrust we have Q the weight of the pier and W + 
■I 72?, the weight of the roof acting down the centre of the 
pier ; so that its thickness t that will suffice to produce 
equilibrium maybe found from the equation, 

(Q + W + i72?) A = F X AZ 

If the pier is thicker than the dimension found by this 
equation, the structure will be in a condition of stability. 
In order to determine the strength of the rib itself, we 
take moments of the loads at D, E, and B about H, where 
the strain is greatest, H being the middle point between 
C and D ; and equate the sum of these moments with the 
moment of resistance of the section of the rib, namely, 

ro{\Wi^ irji7 + %)=zS*5 

o 



% 
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When fir is used for the rib we have (42), JS = 15 for 
safe-load; b and d being in inches, and the other dimen- 
sions in feet ; w being in lbs. As an example, let the 
rib have an internal radius of 10 ft, and an external one 
of 11 ft., its depth and breadth being 12 in. ; let W =r 
500 lbs., w = 2,000 lbs. ; then we find Ag = 4-3, Ad = 
3-6, Ac = 1-3, A^ = 7, OB = 10-5, OA = 11. 
Therefore the first equation becomes, 

F X 10-5 = 500 X 4-3 + 2000 ( 5-5 + 7 + 3-6 + 1-3) 

or F = 3520 lbs. 

Let AZ = 10 feet, and the weight of a cubic foot of 
the pier be 120 lbs. Then if Q is the weight of a pier 
1 ft. broad, we have Q = 1200 t ; and the second equa- 
tion becomes, 

1200— + 7500 — = 35200 
2 2 

or 12f + 75^ - 704 = 

.'. t = 5-2 feet. 

In order to obtain stability the thickness of the pier 
must exceed 5-2 feet, when the length is I foot. K we 
suppose the ribs to be 10 feet apart, and each to be sup- 
ported by a continuous wall 10 feet long, the equation 
becomes, 

120 ^ + 75j5 - 704 = 0, 

which gives ^ = 2*125 feet for equilibrium ; the quantity of 
walling, however, is in this case 4 times as great as in 
the former. For the strength of the rib at the point H, 
we find the moment of strain^ when w = 2,000 lbs., to be 
20,250, while the moment of resistance of the rib jfrom 
the expression M = 15 def , is 25,920 ; so that in this 
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caee the rib is stronger than necessary m about the ratio 
of 13 : 10. If we reqnire to know the amount w that 
can safely be laid on ench a rib, we obtain it from the 
eqastioQ 

«= 25920 ^lb^_ 
10-12O ' 

To determine b when w = 2,000 lbs. and d = 12 in., 
we have, 



, 2000 X 10-125 
15 X 144 



= 9i Id. 



—The object of a s/wre, when fixed 
obliqnely against a vertical wall, as DC against the wall 
AB (fig. 45), is to prevent its ^.^ ^^ 

being overturned by the pressure 
of some horizontal force F acting 
at the summit. The ra!<ing~ 
shore DC supports the wall by 
means of a piece of timber 
called a needle driven through 
it at D, against which the shore 
is firmly fixed by wedges at its 
base C, so that it cannot be 
overtmmed without lifting up 
the portion of the wall above 
D. If "W is the weight of the 
wall acting vertically through 
its centre of gravity, t its 
thickness supposed to be uniform, H its height; when 
the wall ia about to turn over about its hose B 

t 
without theshore, we have F x H = W x — . 
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The shore being fixed firmly at D at a height h above B, 
it produces a horizontal pressure P against the wall to 
counteract that of F ; so that 

Px/^=:FxH = W2? 
or,P=:Jw{. 

The shore must be prevented from turning over about 
its base C by the weight w of the part of the wall AD, 
together with its own weight Q acting at its centre G. 
We can therefore determine what weight w will suffice to 
produce equilibrium by taking moments of these forces 
about C ; so that 
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(I + BC) + Q X Cy = P . A = W I , 



or, ^ = ^ ^ 2BC 

For example, let H = 30 ft, ^ = 1-5 ft., BC = 5 ft, 
and suppose the wall to have a frontage of 12 ft, and to 
weigh 1 cwt per cubic foot; then W = 30 x 1*5 x 12 
= 540 cwts. : let Q = 4 cwts., then we find w = 70 cwts., 
80 that AD is 4 ft, which is the minimum amount of 
walling above D that will suffice to prevent the force F 
from overturning it 

The compression down the shore is the resolved part of 
the forces ro and P, which is 

BD BC 

^ CD + -^ CD 

or, substituting for P its value, \ W gj^, we have 
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Compression down the shore = q^ Iw x BD + opT) — ) 

Apply this to the above example, where BD = 26, 
BC = 5, ^ = 1-5, and CD = 26-5, ??? = 70, W = 540, 
CD = 26*5; then we find the compression down the 
shore to be = 71*6 cwts. To find the necessary strength of 
the shore we nse the formula for long pillars (45), where 
the safe-load in cwts. for a pillar of fir is 

•8 X 20 ^> 

from which we can get the value of d when I = 26*5, and 

/ 71 »f\ 
theload is 71*6, namely, rf= ^ -r^ x 702 = 7-5 ins., 

supposing the shore to be die-square. 

There is also a strain on the shore at right angles to its 
length, which is equivalent to a load at the centre of a 
horizontal beam, namely 

2Cp{iW.^ + (Q + w)Bc| 

which, in the foregoing example, amounts to 14*6 cwts., 
or 1635 lbs. Now, the safe load in a beam of fir is (43) 

62 y 

in lbs., where Hs in feet, b and d in inches. In this case 
we have to determine b when d = 7'5 ins., I = 26*5 ft., 
from the equation 

1635 = 62 — 
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1635 I ,^, . ^ 
or, = -g2~ 7? = 12*4 incnes. 



If the breadth i = 7*5, then d will be found from the 
same formula to be 9*6 inches. 

If a strut is fixed at G it will prevent the bending of 
the shore, and wiU increase its transverse strength four- 
fold. The compression down the strut will be the load 
at the centre of the shore, or, in this case, 14'6 cwts. 

64. Centerings for arches are structures of timber, 
temporarily erected for the purpose of sustaining the 
voussoirs until the arch is completed and is able to sus- 
tain itself. On account of the friction of their surfaces, 
the voussoirs do not begin to press upon the centering 
until the joints make an angle of 30° with the horizontal ; 
the pressure then increases slowly up to 45°, when it 
amounts to one-fourth the entire weight of the voussoir. 
After the angle of 45° is passed the pressure of each 
stone increases more rapidly, being about one-third the 
weight of the voussoir at 50°, and at 60° rather more than 
half the weight of the voussoir. After this the stones 
soon press with their whole weight on the centering ; and 
any voussoir in which a vertical line dropt from its centre 
of gravity, falls outside its lower joint, may be considered 
as pressing with its full weight on the centering. This 
variation in the pressures of the stones upon the centering 
is the chief matter to be considered in designing a centre, 
as greater strength and support must be given to the 
parts near the crown than to those at the haunches. The 
laying of the voussoirs must also be proceeded with uni- 
formly on both sides of the arch after the angle of 30° is 
passed, so as to prevent the frame-work from being dis- 
torted by unequal pressure on the two sides. 
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When the depth of a voussoir is double its thickness, it 
will rest its whole weight on the centre at an angle of 60* ; 
if less than double, then its ftdl weight will come on the 
centre at a lower angle; and if greater, at a higher 
angle than 60'' ; so that with short voussoirs the pressure 
on the centering is greater than with long ones. 



^^ 



CHAPTER VL 

IRON. 

66. Ibon is a metal that is always found in nature 
combined with other substances, such as oxygen, carbon, 
phosphorus, sulphur, silica, alumina, and other earthy 
matters, from which it has to be separated by exposing 
the ore, or ironstone j to a very high degree of temper- 
ature. The ironstone is first roasted by heating with 
small coal to drive off its moisture and render it more 
easy of reduction to the metallic state in the smelting 
furnace, where it is heated by means of a strong blast 
with limestone and coal, the former of which combines 
with the silica and alumina, while the oxygen of the iron- 
oxide unites with the carbon of the fuel, leaving the 
molten metal at the bottom of the furnace, which is run 
off into blocks called " pigs," containing from 88 to 96 
per cent, of pure iron, combined with from 2J to 5 per 
ceni of carbon, and other matters as sulphur, phosphorus, 
mangaoese and siUca, in smaller proportions. The carbon 
adds considerably to the strength of the iron, if in mode- 
rate proportion, but the other substances are a source of 
weakness, and should be got rid of as much as possible. 
Iron is employed for structural purposes, under three 
different forms, namely: — (1) Cast-iron; (2) Wrought- 
iron; (3) Steel. 

66. Cast-iron is the name applied to the metal that 
has been run into moulds when in a liquid state, and is 
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made from the " pig " by heating with coke in a cupola 
furnace, where a portion of the carbon and other impuri- 
ties are removed, and the metal is poured into moulds 
made of a peculiar kind of sand mixed with charred oak 
in fine powder. The temperature of the molten iron ii 
about 2,700'' Fahr. Cast-iron is brittle, and readily 
broken by a sudden blow, the fracture generally present- 
ing a crystalline appearance ; its brittleness is increased 
by the addition of carbon. It also flies into fragments if 
cold water is applied to it when in a heated state ; hence 
its use must be avoided in buildings intended to resist 
the action of fire, or where it would be subjected to sudden 
jars or changes of load. 

The ultimate crushing strength of cast-iron being six 
times as great as the resistance to stretching, it becomes 
a valuable material for columns which have to sustain a 
vertical pressure. 

When beams are formed of cast-iron they require to be 
carefully tested before being fixed, as this material is 
liable to flaws from carelessness in the casting, or from 
being allowed to cool too rapidly, whereby it becomes 
honeycombed m the middle. 

The material known as " malleable cast-iron " may be 
made by covering up a casting with clay, heating to 
redness and then allowing it to cool slowly, whereby the 
metal loses much of its brittleness, and becomes annealed. 
Another method is to heat it with such substances as 
powdered charcoal, bone-ash, forge scales, red iron-oxide, 
or manganese oxide, by which much of the carbon is 
oxidized and removed from combination with the metal. 

67. Cast-iron Beam. — ^The strongest form of cast-iron 
beam of given weiffkt and depth was determined by 
HodgHnson, after numerous experiments, to he t\jkft.t \si. 
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which the top and bottom flanges are to one another in the 
inverse proportion of the resistance to stretching to the 
resistance to crashing, or as six 
to one; since the top flange 
is subjected to compression 
whUe the bottom is subjected 
to extensiou. The section of 
th ebeam in the centre is that 
of (fig. 46), two-thirds of the 
metal being contained in the 
lower flange. 

An approximate rule for the strength of such a beam 
is, 

W = 2'2 -T- = breaking- weight in tone at the centre; 

where A is the area in sqnare inches of the section of 
bottom flange in the middle, d to the total depth A C of 
the beam in inches, ^the span in feet This rule is formed 
on the supposition that the strength of the flanges is so 
great that the resistance of the middle part is small in 
comparison, and may be neglected.* As an example, let 
A = 4"4, (/ — 5J = V J ^ = 54 ; then 

W= 2-2 ti^m- 3.10-86 tons. 

8 X 54 

The permanent load on a cast-iron beam should never 
exceed one-sixth of the breaking weight. When a cast- 
iron beam is heated to redness it is found to have only 
two-thirds of the strength that it has when cool. 

Another approximate rule for the strength of such a 
beam is given by Hodgkinson, in which the effect of the 
Tcrtic^ part or web is taken into consideration, and the 

* Hodgkiuion, On Coat Iron, 
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operation of the top flange of a beam, when Btrained, 
ia supposed t« be that of a fnlcriun on which to break the 
bottom flange and web. Fatting d for the total depth 
AC, rf, for tie depth AB to the top of the lower flangej 
h the breadth DE of lower flange, h' the thickness FG of 
the web (all in inches), and I being the length of bearing 
in feet, the breaking-weight in the centre, in toiM, is 

Thia formula depends on two suppositions: let, that 
fdl the particles, except those in the top flange of a bent 
beam, are in a state of tension ; 2nd, that tJie resistance 
of each particle is proportional to its distance from the 
top of the beam. 

When the depth of a cast-iron beam is uniform 
throughout, it would be a great waste of metal to have 
the lower flange of the 
same width at the ends 
as at the middle, and in 
order to obtain a beam 
of uniform strength at I 
every part, the plan of ' 
the lower flange should be in the form of a double parabola, 
or flat segment of a circle (fig, 47) ; for the strength 
varies as the breadth i^ e at any part, and also the strain 
is, by (8), as the product fik. 4s. 

of Ae X Be, and in the 
parabola de varies as 
A^ X Be. If, on the 
other hand, the lower 
flange is kept of the same ^ 
width throughout, a beam of uniform strength may be 
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obtained by making the depth vary, so as to form an 
ellipse (fig. 48) j for the strength at any part is as the 
square of D C, and also the strain is as A C X B C, which 
expresses the relation between the co-ordinates of the 
ellipse. [Methods of drawing these curves will be found 
in the author's Practical Geometry.] 

The safe had on a beam of this form can be calculated 
for any given strain per square inch in the manner pre- 
viously employed for beams of wood (43), the centre of 
gravity G (fig. 11, page 15) beingdetermined by the process 
described in (6). Taking /for the resistance per square 
inch at a distance of 1 inch from G, which wo suppose to 
coincide with the neutral axis, we have / x G B for the 
resistance per inch at the bottom of the beam, and/x G A 
for the resistance at the top. And the moment of resistance 
of the upper flange, whose breadth is i, will be 

/^ (GA' - GC), 

the moment of resistance of the lower flange, whose 
breadth is B, is 

/|(GP-GDO, 

and the moment of resistance of the web CD, whose 
breadth is ^, is 

/ L (Ge -f GP). 

The moment of the strain W at the middle of the beam, 
whose length of bearing is /, supported at each end, is 
i W . ?, which must equal the sum of all the moments of 
resistance above given. Therefore we have the formula 

W = K |B . GB» + i . GA^-(J-0 G(?-(B-0 GU>* }• 
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Since the utmost tensile strain that cast iron will bear 

with safety is about 2 tons per square inch of section, we 

2 
must put / X GB = 2, and substitute-7-Tr- for / in the 

above formula; all the dimensions to be expressed in 
inches. As an example we will take the beam whose 
centre of gravity was determined above (6), where B = 8, 
<5 = 3, ^ = 1, GB = V or 2-86, GA = 5-64, GD = 1-36, 
GO = 4-64,/ = -7 ; putting I = 100 inches, we find 

W = ix- X — = 3-27 tons. 
3 10 100 

K we invert the beam, putting the larger flange at the 
top, we havey = -35 or half what it was before, conse- 
quently the strength will be one-half of the above. 

68. Cast-iron Columns. — The strength of columns of 
cast-iron has been largely tested by Mr. Hodgkinson, 
whose researches thereon are detailed in the "Philosophical 
Transactions " for 1840 and 1857. The power of a column 
to sustain a vertical pressure depends much upon the pro- 
portion which the diameter bears to the length. When 
the length is not less than 30 times the diameter, the 
column will only be broken by bending, and the resistance 
of the material to crushing will not come into play. In 
long hollow columns of circular section, and having flat 
ends, the breaking-weight in tons for iron of average 
quality is 



W = 42 



f° ^ 



D being the external and d the internal diameter in 
inches, and I the length in feet. This formula also applies 
to solid columns, by making rf = 0. 



188 IRON. 

In order to calculate the strength of a column by this 
formula^ use must be made of a table of logarithms ; thus, 
for a solid column, take out of the table the logarithm of 
the diameter, and multiply by 3*5 ; multiply the logarithm 
of the length by 1 "63, and subtract the product from the 
former quantity ; to the difference add the logarithm of 
42, and the result is the logarithm of the breaking- weight, 
which will be found on reference to the logarithmic table. 
The table of powers of numbers given in the Appendix 
will facilitate the calculation, which can then be made 
without the use of logarithms. 

This formula was based on the one obtained by Euler 
from theoretical considerations, namely, that the strength 
was as the 4th power of the diameter and inversely as the 
square of the length. 

Example. — ^To find the breaking- weight of a hollow 
column 10 ft. long, whose external diameter is 4 in. and 
internal diameter 3 in., by means of the table in the 
Appendix. 

_ 43-6_33-5 i28_46-8 ^^ , 

W = 42 —^QvisT = 42 — -^^ — = 80 tons, nearly. 

The constant 42 was obtained as the mean of the expe- 
riments on thirteen specimens of different kinds of iron, 
in which the number varied from 33-6 to 49*9; so that 
by using 42, we have the value of W less than the break- 
ing-weight for the best iron, and more than the breaking- 
weight for inferior qualities. The same formula can be 
used for finding the strength of pillars of square section 
by multiplying the above value of W by i. 

Mr. Hodgkinson found that in solid cast-iron columns 
of small diameter, the outside was harder and stronger 
than the inside; in one specimen, 2^ in. diameter, the 
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crushing strength of a piece cut out of the centre was 
found to be 29'65 tons per square inch ; that of the inter- 
mediate part 34*59 tons ; while the external ring, half-an- 
inch thick, of a hollow cylinder 4 in. diameter, of which 
the outer crust had been removed, had a crushing strength 
of 39*06 tons ; and thinner rings of the same iron had a 
crushing-strength of 49*2 to 51*78 tons per square inch. 
Hence it is advantageous to employ hollow columns as 
thin as practicable in preference to solid ones. He founds 
however, in his later experiments on large castings, that 
the difference of hardness between the external and 
internal parts was much less than in mMll castings, and 
may generally be neglected.* Also that three solid 
pillars, whose sections were circular, square, and tri- 
angular, and whose area of section was the same, had 
their strength in the proportion of 

55299:51537 : 61056; 

the triangular section giving the greatest strength, and 
the square one the least. 

69. Short Columns. — ^When the length of a column 
is much less than thirty diameters, the resistance to 
crushing comes into action before it can be broken by 
bending. In such columns the above formula requires to 
be modified in the following manner : — Let c be the 
crushing-strength of the section, or the area of the section 
multiplied by the crushing-strength per square inch^ 
which we may put at 49 tons for hollow columns. First 
calculate the strength by the previous formula for long 
pillars, and let h be the breaking-weight thus obtained^ 
then the true breaking-weight will be, 



• FhilosopMcal TranaactimiSy 1^57 . 



140 IKON. 

b . c 



W = 



b-^lc 



Take the last example, and let the length be 5 ft. 
instead of 10 ft ; then we have, 

i=42i^y^ = 247tons; 

^ = 49 X ^ {2'-(i)'} = 269 tons; 

W = o4^^= 148 tons. 
247+202 

When a column is less than 10 diameters in length, it 
may be considered as breaking only by crushing and not 
by bending, so that only the crushing-strength of the 
section has to be taken into account ; this is found by 
multiplying the area of section by the crushing- 
strength of the metal per square inch, which is about 49 
tons for hollow columns, and 39 tons for solid colunms. 

If a hollow column is not of uniform thickness of metal 
throughout, its real strength will be only that of the 
thinnest part 

The above formulas are for columns without discs at 
top and bottom ; when the ends are expanded in the form 
of discs so as to distribute the pressure over a greater 
surface, the strength is somewhat greater than that 
obtained by these rules. 

If an iron column is not set perfectly upright it loses a 
considerable portion of its strength, which will also be 
the case if it should be thrust out of the perpendicular by 
any settlement of the building. When a long column is 
so much out of perpendicular that the diagonal has 
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become vertical instead of the axis, it is found to have 
lost two-thirds of its strength. 

The permanent safe load supported by a cast-iron 
column must never exceed one-fourth of the breaking- 
weight. 

It is found that hollow columns of cast-iron are much 
more liable to fracture when exposed to great heat than 
solid colunms. 

60. Wrouqht-iron. — When pig-iron is slowly melted 
in a reverberatory fdmace, together with a quantity of 
iron-oxide, and the mass well stirred or "puddled,'* 
much of the carbon is removed, as well as some of the 
other impurities; the metal thus becomes purer and 
assumes a semi-fluid state ; it is then squeezed between 
rollers and comes out in the form of 7crought4ron. In 
order to purify it still further, it is heated to redness, and 
again rolled, which increases its strength. Its melting 
point is much higher than that of cast-iron, being about 
4,000° Fahr. 

Wrought, or malleable iron, possesses a fibrous and 
non-crystalline texture, and contains very little carbon, 
not more than 1 part in 300 ; so that it is tough, and 
will bear heavy blows without fracture ; it will bend con- 
siderably before breaking, and withstands the action of 
fire much better than cast-iron does ; the resistance to 
compression varies from about two-thirds to four-fifths of 
the resistance to extension. Wrought-iron is not so 
generally used for columns as cast-iron, but for very long 
columns the breaking-weight is considerably more in 
WTOUght-iron than (with the same dimensions) in cast- 
iron ; the breaking- weight for pillars with flat ends being 
found by Hodgkinson* to be, 

* Philosophical Transactions, \%^Q. 
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W = 134 ^, in tons. 

d being the diameter in inches, I the length in feet. The 
values of rf^*^ and P are given in the Table of powers of 
numbers in the Appendix. For example, to find the 
breaking-weight of a solid wrought-iron pillar, 4ins. 
diameter and 10 ft. long ; here we have, 

W == 134 i^ z= 134 1|J? :=z 194 tons. 
lO'* 100 

The breaking-weight of the same column in cast-iron is 

43*5 1 OQ 

W = 42±^^42i|l= 126 tons. 

The constant 134 was obtained from only a small 
number of experiments, and is probably much too high 
for the average qualities of wrought-iron. 

Rankine* gives the following formula for the breaking- 
weight in lbs. of long pillars of wrought-iron flat at both 
ends; 

36000 X A 
W = 



1 + 



3000 



{4)' 



where A is the area of section, I the length, and d the 
diameter of the pillar, all in inches. 

For short columns, in which the resistance to crushing 
comes into action, cast-iron has the advantage over 
wrought-iron. The same formula can be employed in 
finding the strength of wrought-iron columns whose 
length is less than 30 diameters, as was used for short 

* Applied Mechanics, 
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cast pillars, only 16 tons must be taken as the crushing- 
strength per square inch instead of 49, as in oast-iron. 
If, then, b is the breaking-weight as calculated by the 
above formula for long pillars, c the crushing-strength of 
the section, or the area of section multiplied by 16, then 
the true breaking-weight of a short wrought-iron pillar, 
in tons, is 

b-^lc 
Taking the last example, 5 feet long, we have 

b = 134 1^ = 776 tons;! 

25 ^ 

c = ^^ X 4 X 16 = 201 ; 

^ 776 X 201 iAQi+^^« 
^ = 776-+-f50 = ^^^^*^°^- 

The strength of the same column in cast-iron is 282 
tons. 

61. Beams. — ^Wrought-iron is extensively employed in 
the construction of beams of various forms and sizes. 
For small beams, as joists, or light girders of moderate 
length, it is generally rolled in one piece, of an I orX 
form of section, according to requirements. 

To find the strength of a rolled joist of I section, let I 
be the moment of inertia of the section, d its total depth ; 
then, as before shown (12) the moment of resistance at any 
section is 

S being the coefficient of strength or strain per square inch 
of section to be determined by experiment* K d^ \% ^Saa 
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depth of the web, or part between the top and bottom 
flanges ; b the breadth of each flange, t the thickness of 
the web, we have from (12), 

When the beam of length I is loaded in the*middle 
with a weight W, and supported at the ends, we have 
by (8), the moment of the strain equal to JW. /. 
Equating this with the above value of M, we get 

Of • V 

To determine the value of S we take an example tested 
by Barlow,* in which d = 5 in., c^ = 2*5, I = 54, 
b = 2'125, t = '85. This beam bore 8J tons without the 
elasticity being injured, so that we may take 4 tons as 
the safe permanent load. Substituting these values in 
the formula, we gety 

S=i ,^"^;f'\,, = i ^-S4^ = 14769 lbs. 
^ bcP^{b-t)di' ^ 265-6-20 

or 7 tons per square inch, which is about one-third of the 
breaking-weight. 

Therefore the safe perman^t load (W) of a rolled joist 
of I section may be found from the formula, 

W = 9846 f>'d'-(b-t)d,\ 

d. I 

In the foregoing formula all the dimensions are ex- 
pressed in inches, and the weight in pounds. 

Large beams are made by riveting rolled plates 
together by means of angle-iron, either in the I form of 
section (fig. 49), or in the box form (figs. 50, 51). The 

• Barlow. 0% Strength of MaUrials. (Lockwood and Co.) 
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l)Oz-girder is foand by Fsirboim to be atroager than that 
having the I form and of the same weight, in the propor- 
tion of 100 to 93. If we pot b as the breadth of the top 
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and bottom plate, d the total depth of the beam in the 
middle, c^ the depth between the top and bottom plates, 
and t the total thickness of the plates forming the web or 
yertical part ; / being the span ; {all the dimensions in 
inches) ; then the formula for the breaking-weight in the 
middle is obtained in a similar manner to that for rolled 
joists, namely: 

W = 12 '-^-y -'>''■', in torn. 

The multiplier 12 is derived from an average of the 
results of Hodgkinson's experiments, as given in the 
*' Report of the Commissioners on the Application of Iron 
to Railway Purposes." The strength of an I-girder is 
rather less for the same weight of metal than that of the 
box-girder, and may be found by multiplying the valne 
of W obtained above by -93. 

Some authorities recommend that the top plate should 
be somewhat thicker than the bottom, as the resistanoa 
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of wrought-iron to extension is rather more than its re- 
sistance to compression. But if we compare the results 
of experiments^ we find that no appreciable advantage is 
obtained in a beam whose top is thicker than its bottom 
flange, over another beam having equal flanges, where 
the weights of the two beams are the same. 

Let us apply the formula to a box-girder having 
*= 24, rf= 36, /= 540,^ = 2x-214.= -428,^-^=: 
2.3-572, thickness of top plate = '5625, thickness of 
bottom plate = '397, d^ = 35-0405 ; then we have the 
breaking-weight, 

^ ,^ 24 X 36» - 2 ?/572 (35-0405y ^^ ^^ ^ 
^ ^ 12 36 X 540 = 63-94 *^^«- 

The permanent safe load should m no case exceed one- 
third the breaking- weight. 

The line NA is the neutraUaxis passing through the 
centre of gravity G- of the sections, and about which line 
the moment of inertia is taken. 

If the load is uniformly distributed, the beam will bear 
twice as much as when the weight is concentrated at the 
centre, as previously shown (8). Also when a beam is 
fixed at one end and loaded at the other, the breaking- 
weight is one-fourth of that obtained by the formula just 
given for a beam supported at each end. 

It will be seen from the formula that if all the dimen- 
sions of a beam are doubled, the value of W is increased 
four times ; if they are trebled, the value of W is in- 
creased nine times ; and so on. Hence it appears that 
if the proportions of a beam remain the same, and the 
actual dimensions are increased, the strength is increased 
as the second power, or square^ of the lineal dimensions. 
This is very nearly borne out by experiments ; the aver- 
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age of which gives 1*9 rather than 2 as the power accordr 
ing to which the strength increases. 

In wrought-iron girders the flanges or " booms,*' as 
they are termed in large beams, are the only parts that 
have to resist flexure ; whilst the web has to resist the 
shearing force (9). The resistance to shearing may be 
considered as equivalent to the resistance to tension. The 
top flange will be subjected to a compressive force, and 
the bottom flange to an extending force ; now since the 
resistance to compression is less in wrought-iron than the 
resistance to extension, it would appear that the area of 
the upper flange should be greater than that of the lower 
one in like proportion. 

For wrought-iron beams of very large size, such as are 
required for bridges, the " lattice " principle is generally 
used. The beams so called are made of section shown in 
figs. 49, 50, 51, but with the vertical plates replaced by 
cross-bars of angle and tee-iron riveted to bars of flat 
iron at their intersections, and also to narrow vertical 
plates which are themselves riveted to the top and bot- 
tom flange, forming the booms. Consequently almost the 
whole of the forces of compression and extension are con- 
fined to the booms, as the lattice bars only imperfectly 
represent the web of solid plates used in the box-girder. 
Fairbairn considers the strength of this beam to be to 
that of the box-girder in the proportion of 84 to 100, the 
weights being equal. The foregoing formula for box- 
girders may be applied to find the strength of a lattice- 
girder, by first ascertaining the thickness of vertical plate 
which would have the same weight as the lattice bars, 
and calculating the strength of such a box-beam ; then 
the strength of the lattice-beam is found by multiplying 
the result by '84. The lattice-girder has an. adx^\Aa.'^^\»L 
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exposing a smaller surface to the wind than a solid box- 
beam, and is therefore preferable for railway bridges. A 
very fall investigation into the strains in lattice-girders 
will be found in Stoney's " Theory of Strains ; " Unwinds 
" Lectures on Eoofs and Bridges ; " and in Humber's 
" Handybook of Strains." 

The method of calculating with greater accuracy the 
strength of large tubular-girders is given in the Report 
of the Commissioners on the use of Iron for Bailway 
Purposes ; also in Tait's " Treatise on the Strength of 
Materials." 

In order that a wrought-iron girder, whose breadth is 
the same throughout, may have a uniform strength in 
every part, when the load is equally distributed, the 
depth must diminish from the centre towards the 
two ends in the ratio of the ordinates of an ellipse 
(fig. 48).* 

62. Safe-Load. — The same method for determining 
the load that will produce a given strain per square inch 
of section at the top or bottom of a wrought-iron beam, 
may be employed as in the case of a cast-iron beam (67, 
page 136), only here we have GA = GB (fig. ll),t the 
top and bottom flanges being equal, and GC = GD, so 
that the moment of strain for a beam loaded at the 
middle becomes 

M = jW = xfji.D' - (i -0^} 

where D = AB, d •= CD, b = breadth of top or bottom 
flange, t the thickness of the web ; and for wrought-iron 

D 

we may put/ x -^ = 5 tons, for the utmost strain that 

♦ Page 136. t Page 15. 
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the beam will bear with safety per square inch of section 

at the bottom or top : or ^ is to be substituted for/ in 

the above formula. In the case of a box-giidev (figs. 50, 
51), ^ will be the sum of the thicknesses of the two ver- 
tical plates forming the web. 

In beams which are formed of plates riveted together, 
the strength of the angle-irons which join the flanges to 
the web has to be taken into account. Let a be the sum 
of the areas of section of all the angle-irons, then their 
resistance w is 

f . a . cP 

which is to be added to the above value of W, to get the 
true amount that the beam will bear in safety at the 
middle, all the dimensions being taken in inches, and 
the load in tons. In the example above given (61) of a 
box-beam, we find from this formula that the load at the 
middle which produces a strain of 5 tons per inch on the 
flanges is 19 tons without reckoning the resistance of the 
angle-irons ; if the area of section of the four angle-irons 
is 12 square inches, they will increase the resistance by 
7^ tons, making a total of 26 ^ tons as the safe-load at 
the centre of the beam. 

We* can also apply this method to beams of X section 
in which there is only one flange. The position of the 
centre of gravity n (fig. 11) is determined in such aifigure 
at (page 15), ff being the centre of the web, m that of 

a 
the flange, nff = , ^ x m^, where a is the area of the 

flange, b that of the web. 
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Then from the formulsB in (67) we have for the 
moment of the flange whose breadth is b, 

and for that of the web whose breadth is t^ 

and the sum of these is equal to J W . ?; / being deter- 
mined from the equation 

5 
fx An = 5, or/=^. 

Taking the example of which the centre of gravity was 
found (page 16), we have mgi = 3 J, nff = ^y An = V > 
Dn = V> Cn = VS * = 3, ^ — 1, Z z= 120 inches, the 
total depth being 7 inches, and the thickness of metal 
1 inch : also, / = -^^ therefore 

_ 30 _4_ r / ir - 1 1\ 1 P-f 2y ) 

^ - 17 • 360| ^ V 6^ / "*" ^' i 

= 2*5 tons, 

as the load at the middle that will produce a strain of 
5 tons per square inch at the flange, when the length of 
the beam is 10 feet. 

The following Table shows the safe-load that rolled 
beams of I section will sustain at the centre, as calcu- 
lated from the previous formula (page 148), all of them 
being taken as 10 feet long ; and for any other length /, 
in feet, the safe-load can be determined by multiplying 

these values of W by -— . 

c 
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63. Elasticity. — When wrought-iron in the form ot 
bars is subjected to a longitudinal stretching-force, it will 
sustain a weight of 25 tons for every square inch of sec- 
tion before being torn asunder. This amount may there- 
fore be taken as the breaking- weight of wrought-iron bars 
which are subjected to no other strain but that of exten- 
sion in the durection of their length. The extent to which 
^ vertical rod of iron will be stretched by a given weight W 
^expressed in pounds), suspended from one end is, 



/ = 



W X L 
E X A' 



where E is the moduhis of elasticity (11), which, according 
to Eankine,* is 29,000,000 ; L being the original length 
of the bar ; and A the area of section. 

From this formula it appears that the elongation is 
directly proportional to the stretching-force, which is, 
however, only true within certain limits, and will not be 
true if W exceeds the limit of elasticity^ or is more xhan 
the bar will bear without its elasticity being injured. The 
elongation is also directly proportional to the original 
length of the bar, and is inversely as its area of section* 
For example, let us find how much an iron rod, 1 inch 
fiquare and 36 inches long, will be stretched by a weight 
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of 10 tons suspended from one end; in this case we 
have, 

_ 10 X 2240 X 36 _ . 

^ - 29,000,000 X 1 "" '^^^^ ^^^*^- 

The experiments which have been made on wrought- 
iron show that its tensile strength per square inch in 
round or square bars is from 23 to 27 tons ; in flat bars 
from 22 to 26 tons, and, in the form of angle, or tee iron^ 
21 to 25 tons ; in plate iron the strength when the strain 
is in the direction of the fibres is from 20 to 24 tons^ 
but, if the strain is at right angles to them, it is 17 to 
21 tons. 

64. Deflexion. — When a wrought-iron beam sup- 
ported at each end is loaded in the middle, the deflexion 
produced will be proportional to the amount of the load, 
so long as it does not exceed one-half the breaking-weight 
of the beam; but beyond that limit the deflexion increases 
more rapidly as the load approaches the breaking-weight, 
in consequence of the elasticity being impaired. It is 
shown by writers on the strength of materials, that where 
the beam has equal top and bottom flanges, the deflexion 
iB expressed by the formula, 

D = irr-o X -r = 



48 E "" I ■" 4 E bcP - {b-t)d^ 

in which D is the deflection, I the span, W the load, I 
the moment of inertia of the section about the neutral 
axis N A (figs. 49, 50, 51).* To obtain the value of E 
we take a specimen of a rolled iron joist experimented 
upon by Barlow, the dimensions of which are given in 

• 

• Page 145, 
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I 

page 144. This was found to deflect '016 in. for every ton 
of load, so that we can iind E in this case from the 
equation, 

W >cP W . f 

^ -48"D~x I ~ 4 D ( 6e^ - (A - d^^)-^^^^"^^^ 

all the dimensions being in inches, and W in tons. Let 
us apply this formula to find the deflexion of the box- 
girder whose breaking-weight we found above (page 146) ; 
and let the load in the centre be 33 tons ; then, 

33 X (540y __ 1 oo . , 
^ -"40120 X 105627 " ^ '"^ ^^^^• 

With half this load, or 16^ tons, the deflexion in the 
middle will be '615 inch, which amounts to no more than 
the Tl^th part of the span ; a deflexion which would be 
quite invisible to the eye ; so that we may consider that 
a permanent load of at least 16 tons may be safely laid on 
the centre of this beam ; and this is about one^fourth of 
its breaking-weight. 

The value of the modulus E varies according to the 
quality of the iron used, and can readily be found from 
experiment, by using the formula given above (63). 

When the load is uniformly distributed over the entire 
length of the beam, the deflexion is five-eighths of that 
produced by the same load placed at the middle. So 
that the deflexion due to the weight of the beam itself is 
five-eighths of that which would be produced if its whole 
weight were concentrated at the middle and the beam 
itself supposed without weight. Also, in calculating the 
deflexion of a beam by a given load, we must add five- 
eighths of the beam's own weight to the load laid on the 
middle, to get the true strain. In the last ex8cccc^\<^^^^ 
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weight of the beam is not considered ; but as this amounts 
to 3 tons, the true deflexion will be that due to 33 + f 3, 
or nearly 35 tons. The true value of D is therefore 1*3 
inch. 

66. Effect of Heat. — ^When a mass of iron is exposed 
to alterations of temperature, it continually changes its 
dimensions, being larger at a high temperature than at a 
low one ; that is to say, it expands in dimensions as the 
temperature increases. When the temperature rises from 
32° Fahrenheit to 212°, cast-iron expands the 900th part 
of each dimension, its relative proportions remaining the 
same. Thus a bar of cast-iron 100 feet long will expand 
1-36 inch in length while passing from 32° to 212°, or 
through 180° of temperature; a bar the same length of 
wrought-iron expands 1'46 in., one of untempered steel 
expands 1*3 in., and of tempered steel r49 in. When 
iron is used in construction it is exposed in this country 
to a variation of about 90° during the year, so that a 
wrought-iron beam 75 feet long will alter above half aa 
inch in length between summer and winter. In cases whei^ 
it is exposed to the full force of the sun in summer, and 
the greatest degree of cold in winter, the variation will be 
considerably more. The actual force developed in expand* 
ing a bar of iron by 1'46 inch will be the same as would 
be required to compress it by that amount, or about 15 
tons on the square inch. The cubical expansion is three 
times the linear expansion. It therefore is absolutely 
necessary that all large masses of iron should have a certain 
amount of play allowed them, as the expansion and con- 
traction are irresistible forces, and will tear asunder or 
thrust over any structure that may oppose. 

This property of expansion and contraction has been 
employed for the purpose of drawing together walls which 



•ii 



EFFECT OF HEAT ON IRON : IRON ROOFS. 166 

have been forced oat of their perpendicular in opposite 
directiona. Iron bars with nnts and screws being placed 
tightly across irom wall to wall, are heated in the middle, 
when they expand and loosen the screws which are then 
tightened ap ; aod as they cool, the contracting force of 
the bars gradually pulls the walls towards each other. 
This process being repeated carefully several times, the 
walls may be brought to their original state of npright- 
ness. When heated to redness, cast-iron is found to lose 
about one-third of its strength, wrought-iron plates one- 
fourth, and bar-iron is reduced to one-half its strength. 

66. BoOFS. — Wrought-iron is much nsed in the frame- 
work of roofs of large span. Fig. 52 represents a common 
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form of iron roof. The tie-rod A B being subjected to a 
stretching force in the direction of its length, and a very 
slight amount of traoBverse strain between the several 
points of support from its own weight, is made of round 
or flat bar-iron. The rafters AC, BC,\io.-^TO^\BWMSjaa. 




both a Inngitadinal and transreree Btrain, are made of tee^ 
iron. The stmts ED, KG, iLaving to aostain a compress- 
Pi 53 ing and transverse straio, are 

made either of angle or tee- 
iron ; and the vertical rods 
CD, EG, KI, having only to 
sustain a stretching force in 
the direction of their length, 
are of round iron. Let W 
be the entire weight which 
this truss has to sustain ; then J^ W is supported directly 
at each of the points K, E, C, F, and L ; ^V W directly 
at A and B. Let the lines CV, "Ed, Ka, he eqnal, and 
each represent on a scale J W. Draw the parallelo- 
gram Cc, making Cd parallel to BC, and cd to AC ; then 
dc represents the resolved part of ^ W acting down ihe 
rafter AC. Draw OX (fig. 53) parallel to AC, and OY 
parallel to AB; and take Op eqnal to cd. At E (fig. 52) 
draw the parallelogram Ei, then E/'is the resolved part 
of i "W acting at E, down the rafter AC ; /b the resolved 
part down the strut ED. Take jo^ (fig. 53) eqnal to Ef. 
At K (fig. 52) draw ae parallel to KG, then Ke is the 
reeolved part of J W at K down AC, and « is the re- 
aolved part down the strut KG. Make qr (fig. 53) equal 
to K& Take GH (fig. 52) eqaal to ae, draw the hori- 
zontal Efff then G^ (= ^ Ka) is the vertical strain on 
EG from the strut KG; take M = Gty, and draw it 
parallel to ED; then i/ is the resolved part in the direc- 
tion of AC; take rs (fig. 53) equal to ;/. EA (fig. 52) 
represents the compreasioo on the stmt ED, which is con- 
veyed to D ; take D^ = EA, and draw Im horizontal ; 
then twice Dm represents the vertical slnun on CD caoaed 
by the two stmts ED, FD. Take Cn =: 2 Dm, draw on 
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1 to CB; then Co is the compression down AC 
produced by the rod CD. Take aX (Qg. 53) equal to O; 
then the line OX represents the total compression down 
AC on the same scale that Cc represents i W. Draw the 
perpendicular YX (fig, 53), then OY represents the hori- 
zontal strain on the tie-rod. 

By this means the strains on the several pieces of 
the framework can be readily found by measuring with 
a scale. 

One half the weight of the tie-rod is sustained by the 
five vertical rods, so that each has one-tenth of the weight 
of the tie-rod added to the other strains. This is, how- 
ever, generally of hut small amount 

The analytical methods of finding the strains on the 
several parts of a roof, will be found in Fenvrick'tt 
"Mechanics of Construction," and Bankine's "Applied 
Mechanics." 

67. Professor Maxwell's method of diagrams, which 



Fig. 5i 




has been previously described (3), enables ns readily 
to find the relative strains on the different parts of an 
iron roof, l^e following is an example of its applica- 
tion to a common form of roof (fig. 5^"^. \^ "^ 
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represent the total vertical weight which the tmss has 
to bear ; then ^ W is directly ettpported at A and B ; 
^ W at Gr, C and F. The vertical reaction at A and B 

iaJW. 

Now draw a vertical line M N (fig. 55) whose length 




represents the weight W on any convenient scale ; bisect 
MN in_/. Take No, T&a' ^ fd, /tf , each eqnal (on the 
above scale) to \ W. 

Draw ab and dc parallel to BO (fig. 54) ; fb parallel 
to B E ; itf parallel to E F ; ce parallel to E C ; /e 
parallel to D E ; and so also for the opposite side. Then, 
if we measure the lengths of the several lines thus 
drawn on the above scale, we obtain the strains in the 
several parts of the roof to which they are respectively 
parallel. 

Thu8,/N represents the reaction at A or B, and equals 
J W ; Na the load supported at the joints A or B, and 
egaais JW; ad the vertical pressure at 0- or F, and 
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equals J W; dd! the vertical pressure at C, and equals 
\yj \ ah the strain down AG or BF; rf^ the strain 
down CG or CF ; he the strain along EF or GD ; i/ the 
strain along B E or A D ; ^(? the strain along E C or D C ; 
fe the strain along D E. Several examples of the appli- 
cation of this method will be found in Unwin's " Lectures 
on Iron Roofs and Bridges." 

68. Circular Roof. — Semi-circular ribs of wrought- 
iron are frequently used to carry the load in cases of 
roofs of wide span; and for the investigation of their 
thrust and strength we can use the same method as we 
adopted for ribs of wood (52). Supposing as before that 
the rib is loaded by means of seven purlins, one of which 
is at the crown of the arch, we take w as the load at each 
purlin, and W the weight of the half-rib acting at its 
centre of gravity G (fig. 44, page 124), F being the hori- 
zontal thrust at the crown from the other half-rib, we 
have to find its value by taking moments of all the forces 
about the point A at the springing ; so that we have, 
F X OB r= W X A^ + w (J OA + A^ + Arf + Kc). 
We can now consider F as the thrust of the rib acting 
horizontally at A ; and, in order to prevent F from over- 
turning the wall AZ on which the roof rests, the moment 
of F about Z must not exceed the sum of the moments of 
the weight of the roof and of the wall taken about the 
same point If Q is the weight, and t the thickness of 
the wall, we can determine the value of t that will pro- 
duce equilibrium between the moments, from the equa- 
tion 

(q+W + ^«,)|="fx AZ. 
In order to find the strength of the rib, we \va:^^ \i^ Xa^'^ 
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moments about the point H, where the strain is greatest ; 
the moment of the strain at H is 

M = 72? (i HA + H> + Hy), 
and from (62) we have for a beam of I section 
M = ^i{^. D'-(i- t)c?\ X 2240 

the loads being expressed in lbs., and the strain at the. 
flanges being 5 tons per square inch. 

As an example, we take a rib having a span of 40 feet, 
its depth being 12 inches, and breadth 6 inches, the sec- 
tion being that of the last example given in the Table 
(62, page 151), its weight being 56 lbs. per lineal foot, 
«o that W = 1804 lbs. ; also let w = 4000 lbs. Then 
we have from the figure (page 124), OG = 18*45, Off = 
13, Aff = 8, OA = 21, Ae = 13-15, Ad = 6 5, Ac = 2, 
OB = 20*5 ; hence we find by putting these values in 
the first equation, F = 6977 lbs. Suppose the wall to 
be 12 feet long, and 20 feet high, its weight per cubic 
foot being 120 lbs. ; then Q = 28800 ^, and the second 
equation becomes 

28800 g- + 15804 -g = 6977 x 20 

from which we find that t = 4 feet, which is the thickness 
of the wall for equilibrium only. K the wall is only 1 foot 
long, then we find ^ = 8 feet, but the quantity of wall- 
ing is one-sixth of what it was in the former case. 
The moment of the strain at H is 

w X 1 = 4000 (8-5 + 9-15 + 2-5) x 12 
3z 967200, 
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and the moment of resistance of the section is 
M = 4 X 4714 X 2240 = 732945 

which is less than the moment of strain in the proportion 
of 3 : 4, so that for safety we mnst increase the strength 
at H by one-third, or else reduce the load w to 3000 lbs. 
The strain, however, at H, is about double that at the 
crown under this mode of loading the beam, so that we 
may reduce the strength at the crown to half that at the 
haunches. The breadth b of the beam at H for any given 
value of D, dj t and Wy can be determined from the equa- 
tion 



* = 



if - d' 



7c being in tons, and all the dimensions in inches. 

In the above example where w = 4000 lbs. we find that 
with a depth of 12 inches the breadth of the flanges for 
safety should be 8*3 inches. 

69. Steel. — ^Where great strength combined with 
lightness is required, steel is the material which is most 
useful. The strength of steel depends on the propor- 
tion of pure carbon which it contains, varying in diflFe^- 
rent qualities from three-eighths to one-and-a-half per 
cent. In wrought-iron the quantity of carbon is from 
one-eighth to one-half per cent ; and in cast-iron from 
two-and-a-half to five per cent. 

From experiments made by Mr. Vickers of ShefiSeld,* 
it appears that the tensile strength of steel is increased by 
the addition of carbon until the proportion reaches \\ per 

* Paper read at Institutioa of Mechanical Eii|^<&«t%^ \%^\. 
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cent, the breakiog strain being then as high as 69 tons 
per square inch. Beyond this degree of carbonization, 
the steel becomes gradually weaker until it reaches the 
form of cast-iron, and will sustain a tensile strain of only 
6 or 6^ tons per square inch. 

For sustaining blows, however, it is found that the 
steel cannot contain too little carbon ; any increase in the 
quantity of carbon being accompanied by an increase of 
brittleness. It is therefore necessary in practice to obtain 
a material which shall combine the power of resisting a 
tolerably high tensile as well as transverse strain ; and 
these qualities are found in steel that contains five-eighths 
to three-fourths per cent, of carbon, and in which the 
tensile strength is from 45 to 50 tons per square inch of 
section; the specific gravity being 7"85. 

Experiments by Major Wade (U.S. Army) on small 
cast-steel cylinders, whose length was about 2^ diameters, 
gave the crushing strength of steel, not hardened, at 89 
tons per square inch of section; and for hardened steel 
of "mean temper," 175 tons per inch. The crushing 
strength of steel of "high" or of "low" temper was 
rather less than that of the " mean." 

A large number of experiments were made by Fairbairn 
on steel of various qualities and from several different 
manufacturers."'^ The modulm of elasticity from thirty of 
the best specimens averaged 31,000,000; whilst in some 
of the inferior qualities it was only two-thirds of that value. 
The average tensile strength of thirty of the best speci- 
mens was found to be 47-7 tons per square inch, or about 
double that of hammered iron. The resistance to com- 
pression was about double the resistance to extension. 

* Report of British Association^ 1867. 
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Hence it follows that a horizontal steel beam having a top 
and bottom flange, and being strained transversely, should 
have the area of section of the bottom flange made double 
that of the top flange. 

It is found that when a steel beam is subjected to a 
transverse strain, the strain corresponding to the elastic 
limit approaches more nearly the breaking-weight than 
it does in iron; and consequently that a steel beam 
may be over-loaded with greater safety than an iron 
one. 

Numerous experiments on the strength of steel of 
various kinds when subjected to a pulling, thrusting, 
shearing, or bending strain, have been made by Mr. 
Kirkaldy, some of which are described in his work on 
the " Results of Experimental Inquiry into the Me- 
chanical Properties of Steel." From these it appears 
that Swedish steel has a tensile strength varying from 
28 to 50 tons per square inch, and a crushing strength . 
varying from 45 to 82 tons per square inch. 

The strength of a long steel pillar may be approxi- 
mately found from the equation 

W = 100 J 

where W is the breaking-weight in tons, d the diameter 
in inches, I the length in feet. 

70. Preservation of Iron from rust is a matter of 
great importance, as the strong affinity which it has for 
oxygen renders it peculiarly liable to rapid decay when 
exposed to damp air, especially when combined with high 
temperature, which greatly accelerates corrosion. Freshly- 
made castings are protected for a time from rust by being 
coated with linseed oil, then smoked on^t ^ ^^^ %sfc^ 
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and afterwards dipped in turpentine. Paints of various 
kinds are employed to preserve iron from rust, these 
being compounded either of some metallic oxide or car- 
bonate with oil and turpentine, or else in the fonn of a 
varnish composed of a resinous gum with either oil, 
turpentine, or some other spirit The surface of the iron 
must be thoroughly cleansed from all rust before the 
paint is applied, otherwise it will oxidise under the paint, 
and throw off the coating. All these coatings, however, 
only act temporarily, and require to be frequently re- 
newed, and therefore cannot be looked upon as permanent 
protections. The process called ** galvanising " has been 
extensively used for the protection of iron, and consists 
in giving it a thin coating of zinc, the iron being placed 
in a bath of melted zinc, the surface of which is covered 
with sal-ammoniac, by which the zinc-oxide is dissolved. 
The zinc becomes alloyed with the iron, and, although 
itself soon oxidised by contact with air, yet the oxide thus 
formed protects the zinc from further corrosion, and the 
iron is protected by the zinc as long as that lasts, which 
may be for several years. Another mode of protecting 
iron is by forming an enamel on its surface, which, after 
being well cleaned with sand and dilute oil of vitriol, is 
brushed over with a compound of silica, borax, feldspar, 
kaolin, and water; dry feldspar, soda, borax, and a 
metallic oxide, are then sprinkled over it in a finely- 
divided state, and the iron is then heated until these 
materials are melted into an enamel which firmly adheres 
to the surface. 

Another process of recent discovery, and one which 
appears to give a more permanent protection to iron than 
any of the foregoing, is the formation of the black or 
magnetic oxide on the surface by passing superheated 
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steam over the metal for several homrs when red-hot ; the 
oxide thus formed is harder than the metal itself, and 
adheres firmly to the surface, which it renders black, but, 
at the same time, prevents the formation of rust on the 
surface which is thus oxidised. 



CHAPTER VII. 

FLUIDS AT REST AND IN MOTION. 

71. A Fluid may be defined as a substance which can 
be divided in any direction, and the particles of which 
can be moved about amongst each other by the least con- 
ceivable force; the particles of a fluid transmitting 
pressures to each other equally in all directions. 

Fluids are divided into two great classes, namely, 
liquids and yases ; the former, of which water is a type, 
being called incompressible or inelastic fluids ; and the 
latter, of which air may be taken as the type, being called 
elastic fluids. In liquids there is an attraction between 
the particles which causes them to collect in the form of 
drops ; but with gases there is a repulsion between the 
particles which gives them a tendency to expand to an 
almost indefinite extent. While gases can be readily 
compressed to any amount that may be required, liquids 
require an enormous force to reduce their volume in any 
perceptible degree; thus the effect of the pressure of 
15 lbs. on the square inch on water enclosed in a 
vessel is only to compress it by less than mruuir of its 
volume, so that for all practical purposes we may con- 
sider water as incompressible. 

The condition in which bodies exist, whether as solids, 
liquids, or gases, depends to a great extent on tempera- 
ture. Thus we find water as a solid in the form of ice at 
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or below 32° Fahr., as a liquid between 32** and 212**, and 
in the gaseous form of steam above the temperature of 
212°. The same may be said of the metals, which are 
solid at ordinary temperatures, but which by the applica- 
cation of sufficient heat can be liquefied, and by greater 
heat still can be converted into gases. Many substances, 
also, which are gaseous at ordinary temperatures, can by 
the combined action of intense cold and heavy pressure 
be brought to the liquid or even solid condition. The 
only fluids, however, which we shall consider in this 
chapter are Water and Air. 

72. Water. — This substance was formerly considered 
as an element^ but is now known to be a chemical com- 
bination of the gases oxygen and hydrogen, and to this 
composition is owing the power it possesses of acting 
upon metals and other solid bodies, which decompose it 
and absorb the oxygen. This process is familiar to us iu 
the corrosion of iron by exposure to moisture, the action 
being facilitated by rise of temperature. Water, as 
before mentioned, can be obtained either in the solid, 
liquid, or gaseous state, simply by a change of tempera- 
ture ; and it is the only substance to which we give a 
different name in each of these conditions, although its 
chemical composition remains unaltered. Water pos- 
sesses the peculiar property, found also in a few other 
substances, of being heavier or denser in the liquid state 
than in the solid when the temperatures are nearly the 
same, so that the solid water or ice floats on the surface 
of the liquid. The highest temperature to which liquid 
water can be raised in an open vessel is about 212° Fahr. 
with the barometer at 30 inches, which is called its 
boiling point, and is also that of its minimum density as 
a liquid. As the temperature falls belo;^ *i*V2i? *^^ 
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density increases and the liquid contracts in volome 
until it arrives at the temperature of 39*2** Fahr. when it 
has attained its maximum density, 1,000 cubic inches at 
212**, having contracted to 958 inches at 39-2°. If the 
temperature is lowered still ftu*ther it begins to increase 
in volume, its density decreasing, until it reaches 32^ 
Fahr., when it suddenly expands by one-tenth of its bulk 
and solidifies in the form of ice, a force of many tons 
per square inch being exerted m the expansion upon the 
sides of any vessel in which it is contained. This is the 
cause of the bursting of water pipes which are full of 
water when a sudden frost occurs, pieces of ice being 
often forced through the opening made in a lead pipe by 
the expansive force developed ; such pipes being generally 
made to withstand a pressure from within of not more 
than 150 lbs. per square inch of surface. Blocks of stone 
which have been newly quarried are also readily split by 
the freezing of the moisture which they contain. 

73. Water in Tanks. — The pressure of water on the 
surface of any part of a vessel which contains it, is a 
weight equal to that of a column of water whose base is 
the area of the surface immersed, and whose height is the 
depth of its centre of gravity below the top of the water. 
Thus, for example, the pressure on the bottom (supposed 
to be level) of a tank full of water is the weight of a 
column of water whose base is the area of the bottom, 
and height the depth of the tank ; and it is independent 
of the form of the tank, being the same whether the sides 
are sloping or vertical. Thus, in the three tanks A, B, 
and C (fig. 56), having equal bases and the same depth, 
the pressure on the bottom will be the same in all when 
filled with water. The pressure of the water on the 
side of a full tank, whether vertical or inclined^ is found 
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by multiplying the area in feet of its sorface by the depth 
of its centre of gravity below the top of the tank, also in 
feet, and the reault by the weight of a cnbic foot of water, 
or 62^ lbs. If the side is rectangular, the centre of 




gravity is at a depth equal to half that of the tank ; bo 
that the pressure on each side of a cubical vessel is half 
that on its bottom. If I and d are the length and depth 
of a side in feet, and P the pressure in lbs. on the side, 
we have 

P = 31 -25^^. 

In the case of a cubical tank 9 ft. each way, filled with 
water, P will be 10 tons. 

The pressure on the side of a tank is also quite indepen- 
dent of the area of surface which the bottom of the tank 
covers, being the same for a narrow vessel as for one of 
unlimited extent ; provided only that the area of the aide 
itself and the depth of the water remain unaltered. 

When a tank has sloping sides, which are wider at the 
top than at the bottom, the position of the centre of 
gravity of any side must be determined as in (6). Let d 
be the vertical depth of the tank, k the height of a side 
measured on the slope, a the breadth at top, b the 
breadth at bottom ; then the pressure on the side, 
when the tank is full, is &at of a column of water whose 
base iB\{a-\-b) L and whose height is — x -** T_ . 
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74. Centre or Pressure. — When a rigid plane is 
pressed upon by water in which it is immersed, there is 
one point in that plane at which the resultant of all the 
pressures acts ; and this point is called the '^ centre of 
pressure." If, therefore, a force equal to the resultant is 
applied at the centre of pressure^ all the pressures will be 
counterbalanced, and the plane will be in equilibrium. 

The position of the centre of pressure can only be ob- 
tained by help of the higher mathematics, the methods of 
which will be found in any analytical treatise on hydro- 
statics. The position of the centre of presmre in a 
rectangular plane immersed in water is shown to be at 
one-thfa:d of its height from the base, measured up the 
centre-line. Hence it follows that when a tie-rod is 
placed across from side to side of a tank having vertical 
sides and filled with water, its position must be in the 
middle of the side at one-third of its depth from the 
bottom. In the case of the cubical tank above men- 
tioned having sides 9 ft. each way, the centre of pressure 
will be 3 ft. from the bottom, and the iron tie-rod placed 
across should have a section of 2 inches to allow a strain 
of not more than 5 tons per inch. 

In a plane surface of which the top and bottom are 
parallel, but of different widths, where a is the width at 
top, b that at bottom, and k the height or distance 
between the top and bottom, the distance of the centre of 
pressure from the top is 

h ^ a + 3j5 
2 a + 2b; 

and if a = 26, the distance of the centre of pressure from 
the top 18 ^h; the distance being in all cases measured 
on the centre line at right angles to the base. 
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Fig. 57. 




Let ABO (fig. 57) be the sectioa of the wall of a 
reservoir full of water ; F the pressure of the water 
Hcting perpendicularly to AB at P, 
the centre of pressure. Let W be 
the weight of the wall actiug verti- 
cally at G, its centre of gravity. 
Draw EC perpendicular to the di- 
rection of the force F ; then, in 
order that the wall may not be 
overthrown, we must have F x 
EC less than W x DC. 

If the section of the wall is rec- 
tangular, and the face next the water vertical, we can 
determine the thichneas t which must be given to it in 
order to insure its stability, as in the case of retaining 
avails (Chap. II.), by taking moments about a point S 
(fig. 24, page 36), at a distance J( within the outer edge 
of the wall. Putting /( for the height of the wall, n) 
for the weight of a cubic foot of water, AV the weight of 
a piece of wall one foot in length, whose weight per cubic 
foot is 7c' ; we have 

F = J w/i^ 
■W"xDS = fro'^3 
F X EC = J m/t^ 

Equating these moments, we obtain t, the thickness of 
the wall, or 



Let the wall be of solid concrete, where k' — 140 lbs., 
then since w = 62'5 lbs., we get, in this case, 
i = -440/1. 
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76. Hydrostatic PEEssnRE. — When vessels of differ- 
ent sizes are placed on the same level, and made to com- 
municate hy a pipe at the bottom, water poured into one 
vessel will riee to the same level in all. Thus, let the 
small vessel (fig. 58) AB be filled up to A, the water will 
rise in the larger one CD to C, and the line AO will he 
horizontal ; so that the weight of the small quantity of 
water in AB balances that of the larger quantity in CD. 
Suppose the vessel CD be closed tightly by a ping at any 
point F, and let AB be filled up to A with water. Draw 
the horizontal lino EF; then the column 
of water AE exerts a pressure upwards 
on the underside of the plug at F. If 
A is the area of section in square inches 
of the larger vessel, a that of the 
smaller, p the pressure per square inch 
of the column AE ; then p x a is the 
pressure at E of the column AE, and 
P X A the pressure upwards of the plug 
at F ; or the pressure at F is to that at E as j» . A to 
p . a, or aa A to a. Therefore the pressure on the under- 
side of the plug at F = — x weight of column AE. 
a 
The column of water A E is called the head of 
mater due to the height EA above the plug at F. 
Hence we see that the pressure upwards on the plug is 
increased by increasing A, the area of the larger vessel, 
or by diminishing the area a of the smaller one, provided 
that the height of the column AE is increased in propor- 
tion as a is diminished ; so that a very small quantity of 
water may produce a very great pressure on a large sur- 
face. This principle is applied to the construction of 
i/draulic lifts; a piston being substituted for the plug in 




HYDROSTATIC PRESSURE. 173 

the larger vessel, which is raised by the pressure of water 
from a small tube carried up to a tank in the highest 
part of the building. K the area of the piston is 50 times 
that of the section of the tube, the pressure upwards upon 
it will equal 50 times the weight of the column AE ; so 
that it will not only be made to ascend, but will also be 
capable of raising a heavy weight with it, until equili- 
brium is established by the gradual decrease of the head 
of water, or of the height AE. 

The pressure on the piston A at F is, however, inde- 
pendent of the area a of the tube, for if h is the height 

A 

AE, we have pressure at F = — x weight of column AE, 

a 

=z — wka = Awhy which is increased by increase of A 
a 

and k. 

We have a familiar example of the practical applica- 
tion of the above principle in the means adopted for the 
supply of hot water throughout every story of a house 
from a boiler in the basement. A cold water tank C is 
provided at the top of the house, and a pipe therefrom 
conveys water to a small closed boiler in the lowest story, 
in which it is heated, and passes by another pipe from 
the boiler to any other part of the house, owing to the 
head of water which is due to the height of C above the 
boiler. It is usual, however, to provide a second tank H 
for hot water, and this must be entirely closed-in to pre- 
vent the pressure from C causing the water to overflow 
and escape. The tank E may be placed in any con- 
venient part of the house, but it is best to have it as near 
the boiler as possible so as to avoid the risk of its being 
frozen up in winter. The object of having the tank H 
is to obviate the necessity of having al^t^'^XiO^^t^^xAXf^ 
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contain a reserve of hot water ready for nse ; it should 
be provided with a safety-valve, which must, however, be 
weighted with a greater pressure than that due to the 
head of water froin C, which will be 15 lbs. per square 
inch for every 34 feet of height, so as to prevent an escape 
of water from the valve : the object of such a valve being 
to prevent an undue accumulation of steam, and to pre- 
vent the bursting of the boiler in case the pipe from C 
should happen to become stopped up. 

76. Specific Gravity. — When a heavy substance is 
placed in one scale of a pair of balances, it is said to 
have the same weight as another heavy body placed in 
the opposite scale, when they exactly balance. If the 
heavy substance, instead of being placed in the scale, is 
suspended from the bottom of it in a vessel of water, it is 
now found that the body in the opposite scale more than 
balances it, and that it has lost a certain amount of 
weight. This loss of weight is due to the upward pres- 
sure of the water upon the body, which is equal to 
the weight of water the body displaces, or to a quantity 
of water equal in bulk to that of the heavy body. Let tv 
be the weight of the body in air, w' its weight in water ; 
then w ^ w' is the weight of an equal bulk of water. 
The proportion which the weight of any body bears to the 
weight of an equal bulk of water is called its " specific 
gravity." The specific gravity^ therefore, of a body is 
represented by the ratio 

w 

the value of which has been carefully determined for 
nearly all known substances by different experimenters, 
and a copious Table is given in the Appendix of the 
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specific gravity (that of water being taken as 1000) and 
weight per cubic foot of most of those employed for 
building purposes, it being often a very useful guide as to 
the quality of a material to know its specific gravity, 
since the density or compactness is in proportion thereto. 
In selecting a building stone from several specimens 
whose chemical composition may be similar, it will 
generally be found that the stone having the highest 
specific gravity is the best able to resist the action of 
weather. 

If we take the weight of a cubic foot of water as 
1,000 oz. or 62i lbs., we have only to multiply the 
specific gravity of a body by 62 J lbs. and we find the 
weight per cubic foot of that substance. We are also 
enabled to detect any unsoundness in a mass of cast metal 
which may appear externally to be perfect, but, from cool- 
ing too rapidly, has become honey-combed in the interior, 
as its specific gravity will in that case be less than for a 
solid mass of the same metal. The impurities and adul- 
terations of metals and other materials can be de- 
tected by finding their specific gravity ; and also the 
proportion in which the two metals in any alloy are 
mixed can be determined. Brass, being a mixture of 
copper and tin, has a specific gravity between those of 
the two metals ; the specific gravity of copper is 8*9, and 
of tin, 7*29 ; that of brass varies from 7*8 to 8*4, accord- 
ing to the proportions in which these metals are mixed. 
The specific gravity of an alloy of two metals may be 
found when we know the specific gravities S and s of its 
constituents, and the volumes V and v of each, for wo 
have 

Specific gravity of alloy — . y x ^ 
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To find tho specific gravity of wood, or of any substance 
lighter than water, let it be made to sink by attaching a 
heavy body whose weight in water is t??, ; and let w' be 
the weight of the two bodies in water, then the specific- 
gravity required is 

w 



TV + 7Vi ^ w' 



It often happens that a baulk of timber is rotten in the 
middle, from the pith having decayed (40), by which its 
value when cut up is much diminished ; this can be at 
once detected by finding the specific graYity of the baulk 
and comparing it with that of a piece of the solid wood. 

77. Water in Motion. — When water is allowed to 
flow out of a tank through a small orifice at the bottom, 
the height (k) of the water in the tank being kept at a 
constant level, the velocity V of the efflux in feet per 
second is expressed by the formula 



V = V2y V/^ = 8 y//iy 

where ^ is the force of gravity, say 32 feet per second, as 
explained in Chapter I. (1), and /^ is the height in feet due 
to the velocity V. The quantity h is also called the head 
of watery and the velocities of efflux for different keads are 
to one another as the square roots of their respective 
heads. If the tank is allowed to empty itself through 
the orifice, no fresh water being supplied to make up for 
the loss, the velocity will gradually diminish with the 
decrease of Aeadj so that the time of emptying the tank 
will be twice as great as that required for discharging an 
equal volume of water when it was kept full. 

The quantity of water discharged per second can easily 
be calculated from the formula for Y when the area of 
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the orifice is known ; allowance, however, has to be made 
for the contraction of the stream in passing through the 
orifice, its actual, or effective^ area of section being only 
about '6 or |^ths of that of the orifice. Putting a for the 
effective area of the stream at the orifice in square feet, 
Q the volume in cubic feet of water discharged per second, 
we have 

and if we multiply Q by ^\ we obtain the number of gal- 
lons discharged in every second of time. 

78. Water in Pipes. — When water is conveyed from 
the bottom of a reservoir by means of a long horizontal 
pipe, it is found that the surface of the pipe offers a 
certain resistance to the passage of the water, thereby 
retarding its velocity, so that the effect of the head of 
water is diminished, and the discharge is therefore much 
less than that obtained above. It has been shown by 
experiment that this resistance is independent of the 
height of the head or the pressure of the water on the 
sides of the pipe, but is nearly as the square of the velo- 
city at which the water is passing along the pipe, and is 
also proportional to the surface of the pipe itself which is 
exposed to the action of the water ; so that as the surface 
of a circular cylinder is the smallest for a given area of 
section, it is advisable to make pipes and channels for 
conveying water as nearly circular as possible, in order to 
reduce their resistance to a minimum. The term friction 
is usually applied to this resistance, but it is very dif- 
ferent to the friction of solids as described in section (13). 

If we call f the co-eflScient of friction which is deter- 
mined by experiment, I the length and d the diameter of 
the pipe, in feet ; v the velocity in feet per second ; g tba» 
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force of gravity, or 32*2 in this latitude ; then i, the loss 
of head, is found to be nearly, 

= '0004 -r t?*, nearly. 

The value ofy is not, however, quite constant, being 
greater for low than for high velocities ; its value has 
been calculated by diflferent experimenters whose results 
show considerable divergence, but the following is the 
value given by Weisbach in his " Mechanics of Engineer- 
ing "— 

^ «,.„« -017155 
/= -01439 + -^^. 

From this we find that when 

» = 1 ft. per sec.,/=: -0315, j = 2032, v/ = 45 

v= 2 „ /= -0265, ,,=2421, „ =49 

» = 3 „ / = -0243, „ = 2640, „ = 51 

» = 6 „ /= -0214, „ = 3009, „ = 55 

» = 12 „ / = -0193, „ = 3337, „ = 58 

© = 20 „ /= -0182, „= 3538, „ =59 

For example, suppose a pipe, 8 in. diameter and 
2,000 ft. long, conveys water at a velocity of 3 ft per 
second ; the loss of head will be, 

6 = -0243 ^— g^ = 10-23 feet, , 
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It appears from the formula that in order to obtain the 
least possible loss of liead in leading a quantity of water, 
the pipe must be made as wide as possible and not un- 
necessarily long. 

If Q is the discharge, F the transverse section of the 

pipe = Tt -j^ or, '7854^?, when the section is a circle, 

then, t?=z^->^= 1.273^ 

Substitute this value for v in the formula for loss of Iieady 
and we have. 






- '^ff (0 



from which it is seen that if all the other quantities re- 
main unaltered, and 2d is put for rf, then the value of 6 
must be divided by 2* or 32. 

This last formula tells us how much fall we must give 
to a pipe, in order that it may convey a given quantity Q 
from one place to another. In the previous example, if a 
fall of 10 '23 feet is required to convey a given quantity 

10*23 
in a pipe of 8 inches diameter, then a. fall of only -oa— > 

or -32 feet, is required to produce the same discharge 
from a tube 16 inches diameter. 

To find the velocity Vy in feet per second, of the dis- 
charge of water from long tubes, where k is the head in 
feet, we have 

nearly. 
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_ _ __ TtcP 

and, Q =z F . t? = -rv 
= •7854rf' . V. 

In all cases the pipes are supposed to be runniDg full. 

Let us compare this value of v with that of V obtained 
above (77) for water issuing from an orifice at the bottom 
of a tank ; let rf = f , / := 2000 ; then we have 

V = 8 V/^ 

V : ?? :: 88 : 10 

and the values of Q, or the volumes discharged in a given 
time will be in the same ratio. 

79. Bends and Elbows. — ^A considerable loss of head 
may be produced by changes in the size and direction of 
a pipe conveying water. Any sudden enlargement or 
contraction of the diameter produces a sudden change of 
velocity and a consequent loss of head ; but this loss may 
be reduced to a very small amount if the change in the 
size of the pipe is made gradually. The greatest loss of 
head is occasioned by sudden turns in the direction of the 
pipe, in the case of a sharp elbow the loss depends on the 
angle of deviation, and can be expressed by the formula, 

h =, k IT- 

It being the co-efficient of resistance to be determined by 
experiment for different angles of deviation from the 
straight line. By experiments on a pipe li inch in 
diameter, Weisbach found that when the angle of devia- 
tion was 20% k = -046 ; for the angle of 40% /c = -139 ; 
for 60% k = -364 ; for 90^, k = -984 ; so that with an 
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elbow forming a right angle, the loss of head is nearly as 
much as the height due to the velocity. With pipes of 
smaller diameter the value of k was found to be much 
greater. 

Bends formed by arcs of circles cause much less resist- 
ance to the passage of water than elbows do, but they also 
cause a partial contraction of the diameter of the stream 
which reduces the head ; but this loss may be reduced by 
gradually enlarging the cross section of the pipe at the 
middle of the bend. The co-efficient of resistance k in 
this case depends on the ratio of the radius of the section 
of the pipe to the radius of curvature of the bend. Thus, 
in pipes of circular section having a for the radius of the 
pipe, and r for that of the bend, Weisbach obtained 
the following values of k from which the loss of head 6 can 
be calculated in the formula. 





6 kl 
^9 


a 
r 


•1, k - -131 




-2, „ - -138 




-3, „ - -158 


— 


-4, „ - -206 




-5, „ - -294 




-6, „ - -440 


.. "^ 


-7, „ - -661 




-8, „ - -977 




-9, „ - 1-408 




1-0, „ - 1-978 



In drain-pipes for the conveyance of sewage-water, 
elbows and bends are frequently the cause of their being 
choked up, as the stoppage or reduction of l\i^ N^Wi^ ^^ 
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those points causes a deposit of the solid matters which 
are being carried along to take place, whereby the trans- 
verse section is reduced, and a still further obstruction is 
caused which in time results in a complete blocking up of 
the pipe. 

80. Strength op Water-pipes. — Pipes for conveying 
water should be capable of sustaining a pressure equal to 
not less than 10 atmospheres, or 150 lbs. on every square 
inch of surface, which is equivalent to a head of water 
340 feet high. The thickness therefore of similar pipes 
must be proportional to their diameters, as well as to the 
head of water or pressure per unit of surface. For pipes 
of diameter rf, the following are the values of tj the 
thickness of the pipe for a pressure of 10 atmospheres, as 
found by Weisbach's experiments on pipes of different 
materials : 

Sheet-iron, t = -0086 d + -12, inches. 
Cast-iron, t = -0238 d + -34, „ 
Lead, t = -0507 d + -21, „ 

81. Air. — The atmosphere surrounding the earth is 
found to consist of a mixture of the two gases, oxygen 
and nitrogen, the proportions of which are very nearly the 
same, whether the air is on the top of a mountain or 
down in a valley* 100 parts by weight of air contain 23 
parts of oxygen and 77 of nitrogen, and as the former is 
the heavier of the two in the ratio of 16 to 14, the propor- 
tion of the gases in 100 volumes is about 21 to 79. The 
air on the sea-shore and open heaths of Scotland is found 
to contain 21 volumes of oxygen in 100 of air, and on the 
top of the hills 20*98 ; in a suburb of Manchester it is 
20*96 to 20*98; at Paris the mean quantity of oxygen 
for one year was 20*96 ; at St. John's, Antigua, it was 
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20*95 ; but in some hot climates it has been found as low 
as 20-3. 

Besides these two principal ingredients, air also con- 
tains a small but perceptible proportion of carbonic acid 
gas, which is a chemical union of carbon with oxygen, 
and is 1^ times as heavy as air. This gas is found in the 
air of the open country to be in the proportion of 3*36 
volumes to 10,000 of air, while in towns where much coal 
smoke is produced, it varies from 4 to 6 or 7 volumes. 
Experiments show that when the quantity of this gas in 
10,000 volumes of air exceeds 6 volumes, ill effects are 
produced on persons who breathe it; and as 15 cubic feet 
of carbonic acid are given off by every person in 24 hours, 
or nearly two-thirds of a cubic foot per hour, it is clear 
that the air in a room which is closely shut up must soon 
become poisonous to those who occupy it, and that it will 
require to be frequently changed. The burning of two 
sperm candles produces the same amount of this gas as 
one man does, or one candle yields '3 cubic feet per hour. 
A gas burner consuming 3 feet of gas per hour produces 
6 cubic feet of carbonic acid in the same time. 

Another gas, which is found in minute quantities in air, 
is called ozone^ the amount of which is very variable, 
more being found in country air than in the air of towns, 
and its proportion is greatest in spring and least in 
winter. The presence of ozone can generally be detected 
by delicate chemical tests on rainy days and during great 
atmospheric disturbances, but its maximum proportion is 
only one in 700,000 volumes of air. It is believed to be 
a condensed form of oxygen, possessing greatly increased 
chemical activity surpassing that of oxygen as much as 
oxygen surpasses air ; 3 volumes of oxygen become con- 
densed by electrical action into 2 of ozone, yrhisJcL ^'^isi^ 
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again be expanded by heat to 3 volumes of oxygen. At- 
mospheric electricity is apparently a great generator of 
ozone. It has the power of destroying bad smells and 
the germs of contagion, by its rapid oxidization of organic 
matter. 

82. Diffusion. — If a vessel is partly filled with water, 
and then a lighter liquid, such as oil, is poured on the top, 
it will be seen that the two liquids do not mix, but 
remain as perfectly distinct as if they were in separate 
vessels. When, however, we do the same with two gases 
of different density, they are found to diffuse through each 
other in a very short time, the heavier one rising into the 
lighter and the lighter one sinking into the heavier, until 
a uniform mixture is produced ; the only difference being, 
that the velocity of diffusion of a heavy gas into a light 
one is less than that of a light gas into a heavy one, the 
rate of diffusion of gases into one another being inversely 
as the square roots of their relative densities. It is by 
diffusion that smells are rapidly conveyed in the air, and 
it is chiefly owing to this phenomenon that its composi- 
tion remains nearly the same in all parts of the world. 

IS. a tube closed at one end by a plug of plaster of 
Paris is filled with a gas, it will be found to pass out 
through the plaster (when quite dry) and mix with the 
surrounding air, and at the same time the air will pass 
into the tube through the plaster, so that the whole con- 
tents of the tube will soon be changed. In this way the 
external walls of a buildiog assist in the ventilation of 
the rooms, it having been found by experiment that, with 
a difference of 4° Pahr. between the temperatures of the 
air inside and outside, from 5 to 6 cubic feet of air pass 
through a square yard of dry stone wall per hour, and 
about 8 feet through a brick wall ; so that the larger the 



DIFFUSION OF GASES ; VENTILATION. 1S5 

external surface the better will be the ventilation. Wet 
walls are, however, impervious to the diffusion of air, and 
consequently we find newly-built houses to be less healthy 
than older ones, which have had time to dry. Mortar, 
when dry, is very porous to air. Diffusion through walls 
takes place more rapidly in winter than in summer. 

83. Ventilation. — The effect of heat on air and gases is 
to cause their expansion by ^ir ^^ ^^^^^ ^^11^ ^^r each degree 
of the Fahrenheit scale. The amount of heat given off 
from the body and breath of an adult in a single hour is 
sufficient to produce a rise of 173° Fahr. in a chamber con- 
taining 150 cubic feet of air, provided that none of the 
heat is carried away by conduction. When the air at the . 
bottom of a room is heated it becomes lighter in weight, 
and consequently ascends to the ceiling, parting with 
some of its heat to the colder air through which it passes. 
If there is an inlet at the bottom and an outlet at the top, 
a regular current will thus be produced by the cold air 
coming in below, to supply the place of the warm air which 
is ascending and passing out at the top. The object of 
ventilation of rooms is the removal of the superabundance 
of carbonic-acid, which has been generated therein by the 
persons occupymg it and by the lights burning. Now, in 
order to prevent the proportion of this gas from exceeding 
6 parts in 10,000, it is necessary that 3,000 cubic feet 
per hour of pure air should be supplied to each person in 
the room, so that if there is one person to every 500 cubic 
feet of space, it will be necessary to change the air of it 
six times per hour ; 50 cubic feet per minute, or -l of a 
cubic foot per second, must then be passed into the room, 
so that, with an opening of ^ of a square foot, or 120 
square inches, the air must enter at a velocity of 1 foot 
per second, or '682 mile per hour ; with an. u\lftt ^1 \s5b^ 
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this size, the velocity must be double ; with one of 30 
square inches, the velocity must be 4 feet per second, or 
2'728 miles per hour ; and if the inlet is 24 square inches, 
the velocity must be 5 feet per second, or 3*41 miles per 
hour, which is as great as can be endured with comfort 
by most persons without the sensation of a draught. 

The pressure of the air on the surface of the earth being 
on an average about 15 lbs. per square inch, is equivalent 
to that of a column of air of uniform density 5 miles in 
height ; consequently from the formula v =■ % ^ h, (77) 
we find that air would rush into a vacuum with a velocity 
due to the height of 5 miles, or 

^ = 8 V 26400 = 1300 ft. per second. 

The expansion of gases by heat being -^^ of their volume 
for every degree Fahr. that the temperature is raised, it 
follows that they have less density, or are lighter at high 
than at low temperatures, so that an upward current will 
set in when the air at the bottom of a room is warmed ; 
and if there is an outlet at the top as well as an inlet of 
the same size at the bottom, the current will flow at a rate 
depending on the diflference of temperature between the 
external and internal air, and on the height of the orifice 
of exit above the inlet ; if /^ is this height, and a the 
difference of temperature, then the expansion due to 

a is --, and the height due to the velocity z?, at which 
the cold air enters, is h x ^ , so that we have, 



'^W'-M 



491 
For example, if the height of exit is 25 feet above the 
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inlet, and the temperature of the air in the room 10^ 
higher than that outside, we find 

/25 X 10 ^ « ^ , 
= 8 A / -~~4ijT — = ou feet per second. 



V 



The quantity of air which enters will be v into the area of 
the opening in feet. Let the room be a cube of 25 feet, 
it is required to find the area of inlet in order that suf- 
ficient air may be admitted at the above velocity to 
change the air of the room six times in one hour. Here, 
the cubical contents being 15625 feet, we have to supply 
six times this quantity in the hour, or 26 cubic feet in 
every second, at a velocity of 5*7 feet ; therefore, the inlet 

26 
must have an area of t^^, or, 4*56 square feet. 

Where the air has to be admitted through pipes the 
velocity is diminished by the resistance of their surface, in 
the same way as in the case of water fiowing through 
pipes (78), and the same coefficient of friction must be 
used. Bends and elbows also produce a reduction of 
velocity in the same proportion as we found in the case of 
water (79). 

The value of h can be greatly increased without raising 
the height of the room, by connecting the outlet with a 
flue which may be carried up to any required height, and 
h will be the height of the top of this flue above the in- 
let ; but, in order to prevent a down draught in the flue, 
which would disturb the arrangements for ventilation, it 
is sometimes necessary to heat the air at the bottom of 
the flue by means of a furnace or gas burners, so as to 
cause a constantly ascending current in the flue, and we 
must then take oP as the difference between the tempera- 
ture in the flue and that of the entering aic. Aa.vciSst^'^yaRi 
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of velocity may also be produced by means of a revolving 
cowl or fan, which creates a partial vacuum in the flue. 

It is a mistake to suppose that because carbonic acid 
gas is much denser than air it will necessarily be found in 
greater quantities near the floor of a room than at the 
top, for the law of the difusion of gases (82) shows us 
that it mixes rapidly with the rest of the air, which be- 
comes nearly uniform in composition ; in fact, it is often 
found in crowded theatres that the proportion of carbonic 
acid is greater in the upper than the lower strata of the 
air, owing to the high temperature at which it is exhaled 
from the lungs of the audience. 

84. Pressure of Wind. — In discussing the question 
of strains upon roofs (50) the pressure arising from the 
action of wind on their exposed surface was taken at 
neai'ly double that of the whole structure itself, so that 
this becomes a very important element in the erection of 
buildings, and one that is too often ignored, with the 
natural result of the destruction of lofty chimney-stacks, 
towers, spires, and rooft, by heavy gales of wind. In 
exposed situations, and at a considerable elevation from 
the ground, the velocity of the wind is much greater than 
where there are obstacles to its progress, such as trees, 
and the friction offered by the surface of the ground. 

When the wind blows against a plane surface at right 
angles to its direction, the pressure it produces is propor- 
tional to the area of the plane and to the square of its 
velocity ; so that, if we can determine accurately the 
pressure for any known velocity, we are able to find it for 
any other velocity. It was ascertained by Smeaton that 
a current of air moving with a velocity of 35 miles an 
hour, or 51 feet per second, produced a pressure of 6 lbs. 
per square foot on a plane at right angles to its direction, 
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80 that, when the velocity is 70 miles an hour, or 102 feet 
per second, the pressure by the above law will be 24 lbs. 
per square foot. If we put p for the pressure per square 
foot on a plane at right angles to the direction of the wind 
moving with a velocity i?, we have 



p /^ V _ ^ 

24 "^ V76/ ' ^^^ "^ 204 



we can thus obtain the pressure p for any velocity r, as 
shown in the following Table. 



f 


• 


V' 


Miles per Hour. 


Feet i)er Second. 


Lbs. per Foot 


20 


29 


1-96 


80 


44 


4-41 


40 


58 


7-84 


50 


73 


12-25 


60 


88 


17-64 


70 


103 


24-00 


80 


117 


31-86 


90 


132 


40-00 



When the wind strikes on a plane inclined at an angle 
to its direction, the pressure per square foot will be less 
according to the angle of inclination ; and by the prin- 
ciple of the composition of velocities, the velocity perpen- 
dicular to a plane making an angle a with its direction, is 
V . sin a, which we must substitute for v in the above 
expression for p; or if j/ is the pressure on the plane at 
the angle a. p that perpendicular to its direction, we have 



i>' = 



"& . sin* a 
204 



= p . sin'a 



Dr. Hutton obtained an empirical formula for the 
pressure on inclined surfaces from experiments ^^^ ^ 
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small plane made to move at different angles of incli- 
nation, but the results which it gives appear to be at 
variance with the principles of mechanics, since it makes 
the pressure on a plane inclined at 57'' the same as on 
one that is vertical, the discrepancy being probably due 
to the creation of a partial vacuum behind the moving 
plane, which would not occur with such a large surface as 
a roof exposed to the pressure of the wind. 

The pressure on a foot of surface of a plane inclined to 
the direction of the wind's motion at any angle a can be 
determined by multiplying the value of p found in the 
above Table by the value of sin'a given in the following 
one. The highest pitch of roof is about 60°, and, with 
the wind moving horizontally at 80 miles an hour, the 
pressure on a square foot would be '75 x 31'36, or 
23 J lbs., which may be considered as the greatest ever 
likely to be put upon a roof in this country. 



a' 


Sin.«a 


eo** 


•750 


52i* 


•630 


45" 


•500 


37r 
30^ 


•370 


•125 


22^ 
15^ 


•146 


•067 



k 



In calculating the strains, however, produced by wind 
upon a roof, it must be remembered that the pressure is 
not uniform over the whole roof, but only upon one side 
at a time, so that a racking strain is put upon it, which 
exerts a far greater effect on the framework than the mere 
addition of the same amount of pressure all over the roof. 
The mode of drawing the diagram of stress for the wind on 
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one side of a roof is shown with an example in the present 
author's treatise on " Carpentry" (Weale'sSeries), page 110, 
and also in the Appendix to his " Practical Geometry," 
2nd. edit. ; but it is evident that when the angle a does 
not exceed 30° the effect of the wind when blowing hori- 
zontally upon the roof is but slight, the actual pressure 
being, by the Table, only one-sixth of the pressure on a 
roof of 60% or, p' — 4 lbs. The current of wind, how- 
ever, does not aMays move horizontally, but is often in 
high gales directed obliquely downwards, in which case it 
might produce a greatly increased pressure upon a roof of 
low pitch. 

In Chapter I. (7) we have shown how the effect of wind 
on a wall or chimney can be calculated; in the same 
manner we can determine the thickness to be given to a 
wall which stands alone, such as a chimney-stack rising 
high above a roof, in order that a pressure say of 40 lbs. 
per foot shall not overturn it Let k be its height, t its 
thickness, 5 the weight of a cubic foot ; then the weight 
of 1 foot length of the wall is 6 . ^, . ^, and the pressure 
on the surface is 40 A. Equating the moments of these 
forces about the bottom edge of the wall, we have 

.7.^ = 40^ 



=y 



'40 A 
or, ^ = / -y 



when the wall is just about to turn over; so that, for 
stability, t must be greater than this equation gives. 

For example, let >% = 27 feet, 6 = 120 lbs., then we 
have 

/40 X 27 ^ ^ ^ 
^ = y-120- = 3 feet. 
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The pressure of the wind upon a circular tower is less 
than on a square one of the same diameter, as we may 
suppose its surface to consist of a number of small planes 
whose angles of inclination with the direction of the wind 
increase from the middle towards the outside, so that the 
pressure decreases according to the law above stated. By 
means of the Integral Calculus we find that the pressure 
on the surface of a circular cylinder is two-thirds of that 
on a square prism of same diameter. 



CHAPTER VIIL 

LIGHTNING-OONDUOTORS. 

85. LIGHTNING-CONDUCTORS are rods of metal attached 
to the highest parts of a buildmg to convey the electric 
fluid (as it is popularly called) from the clouds to the 
earth, and thereby prevent it from striking and damaging 
the structure. The identity of the lightning-flash with 
the electricity of the Leyden jar was established by 
Dr. Franklin and other philosophers about the middle of 
the last century, and we are thus enabled by experiments 
in the laboratory to determine the best means of protect- 
ing buildings from the destructive effects of lightning. 

If we rub a glass rod with a piece of dry silk and then 
hold it near a pith ball suspended by a silken thread, the 
ball is at first attracted, but, if allowed to touch the glass, 
it is immediately repelled.* If we now rub a stick of 
sealing-wax with a piece of dry flannel and bring it near 
the pith ball just repelled by the glass, it will be attracted 
to the sealing-wax. In this experiment the glass is said 
to be charged with positive and the sealing-wax with 
negative electricity ; and it is found that bodies charged 
with the same kind of electricity, whether positive or 
negative, repel one another, while those charged with 
opposite kinds attract each other. It is also found that 
only that part of the rod which was rubbed is electrified, 
the opposite end being quite free from electricity ^^ wjd^ 
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that those substances which produce it when rubbed, do 
not conduct it, or at least in a very imperfect degree. On 
the other hand the metals, imless ^^ insulated," will not 
produce electricity when rubbed, but, if it is communi- 
cated to one end of a metallic rod, it is inmiediately con- 
veyed to the other end. Hence it is that metals have 
been called "non-electrics," or "conductors," while glass, 
silk, flannel, and sealing-wax, have been termed " elec- 
trics," or "non-conductors." No substances, however, 
are perfect conductors or non-conductors, as all offer more 
or less resistance to the passage of electricity, and even 
glass, which is one of the worst conductors at an ordinaiy 
temperature, is a moderately good one when heated to 
redness. Water is a conductor at ordinary temperatures, 
but, when converted into ice, it conducts very badly. All 
metals are good conductors, although some much better 
than others, copper and silver being the best, while zinc 
offers three times as much resistance as copper does, iron 
seven times as much, and lead twelve times as much. 
When a conducting body is supported on a non-conduct- 
ing substance it is said to be " insulated," so that the 
electricity it contains cannot be carried off to the earth. 

If we take an insulated brass cylinder with spherical 
ends and bring it near the prime conductor of an electrical 
machine charged with electricity, we find that its natural 
electricity is at once decomposed so that the end next 
the charged conductor becomes charged with the opposite 
kind of electricity, while the further end is charged with 
the same kind as that in the conductor. The action 
which here takes place is called "Induction," and, 
wherever one kind of electricity is produced in any body 
by any means, the opposite kind will be found to be 
induced in neighbouring bodies. Thus, when a glass rod 
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is rubbed with silk, the glass becomes charged with posi- 
tive and the silk with negative electricity in equal quan- 
tities. 

If now we connect the brass cylinder with the earth by 
a metallic chain, and move it near the charged conductor, 
a flash will pass from the positively electrified body to the 
one negatively electrified^ the length of the spark de- 
pending partly on the quantity of electricity which one 
contains more than the other, or, as it is termed by 
electricians, on the " difference of potential," and partly 
upon the density of the intervening fluid or " dielectric," 
rarified air offering a much less resistance to its passage 
than air of a denser kind. If, however, the cylinder pre- 
sented to the conductor is terminated by a sharp metallic 
point, no sudden flash will pass, but the electricity of the 
cylinder will be concentrated on the point at a high degree 
of tension, and will fly off to the conductor until an equi- 
librium is established between the two kinds of electricity 
in a gradual manner by what is called the " brush dis- 
charge." 

It is upon the phenomena of Induction and brush dis- 
charge above described that the principle of the lightning- 
conductor depends. A thunder-cloud may be regarded 
as an enormous electrical conductor usually charged with 
positive electriciiy, which as it approaches any object on 
the earth decomposes the electricity it contains, inducing 
negative electricity to collect upon it ; and as soon as the 
"potential" of tiie cloud is sufficient to overcome the 
resistance of the air a discharge will take place between 
the cloud and the nearest object, and if that happens to 
offer great resistance to its passage, or is a bad conductor^ 
it wiU be shattered by the shock. If, on the other hand, 
it is a good conductor, or is provided m\k ^ <iQv>K\xjcassv5s^ 
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rod of a good condacting sabstance, the charge will be 
conveyed in safety to t^e earth, and the equilibrium 
between the two kinds of electricity will be restored. By 
providing this conductor with a point or points the light- 
ning is prevented from striking, and a brush discharge of 
negative electricity takes place which relieves the cloud 
of its superabundance of positive electricity, and restores 
the equilibrium which was disturbed. In comparing 
however the action of points on a lightning-conductor 
with their effect in the laboratory with an ordinary elec- 
trical machine, it must be remembered that the thunder- 
cloud is infinitely larger, and contains an infinitely greater 
amount of electricity than the charged conductor of the 
most powerful machine, so that a ball even as large as 
that on the top of St Paul's would be but a point in 
comparison to the size of the cloud. It seems therefore 
quite unnecessary to make the lightning-conductor termi- 
nate with a sharp point in order to obtain a brush dis- 
charge, where the amount of electricity we have to deal 
with is so enormous. 

The best mode of protecting buildings from being 
struck is to connect together all the external metal work 
throughout, and also with the ground, taking especial 
care that the highest parts are connected with the rest by 
good metallic conductors. For example, a church having 
a lead-covered spire terminated by a metal vane, and also 
having its roof covered with lead, and communicating 
with the ground by means of metal rain-water pipes, will 
be effectually protected if the lead on the spire is con- 
nected by a metallic rod with that on the roof. In the 
case of stone towers, spires, or chimney-stacks, a stout 
rod of metal must be attached having one end carried up 
a few feet above the top of the masonry, and the lower 



SIZE AND MATERIAL OF CONDUCTORS. 197 

end buried in the ground to a sufficient depth to insure 
its being always in a moist soil, or else into a well of 
water if one is near at hand. It is advisable to surround 
the end in the ground with wood ashes or coke, which 
act as conductors, and also serve to protect the metal. 
The action of the conductor is to neutralise the positive 
electricity of the air and clouds, to prevent the accumula- 
tion of negative electricity on the earth's surface, as well 
as to restore the clouds to their condition of electrical 
equilibrium, and thus prevent the danger arising from 
the discharge of flashes of lightning. 

86. As regards the material of which a lightning-con- 
ductor should be formed, it is evident that the metal 
which offers the least resistance to the passage of elec- 
tricity is the best for this purpose, and, as it is usually 
placed on the outside of a building, and is much exposed 
to the weather, the metal should be one not liable to cor- 
rosion. Rods of iron have been used, but the rapid decay 
of this metal renders it an undesirable material, as, in 
case of any part of the rod being broken, or reduced in 
sectional area, much damage might be occasioned to the 
building if struck by lightning. As copper offers less 
resistance than iron, and is not so liable to corrode, this 
metal is now universally employed in place of iron for 
lightning-conductors. 

The sectional area of the conductor must depend, to 
some extent, on the height of the building on which it is 
placed, as the resistance is directly as the length of the 
conductor, and inversely as its area of section. It has 
been found by experience that a copper rod | inch square 
will effectually protect the loftiest building, so that for 
those of ordinary height a smaller one will suffice, but 
should never be less than J inch diameter. SycNSJ .^s^ss^ 
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Harris, who paid great attention to the subject, recom- 
mended that the rod shoald be of copper tubing from 
1 inch to 2 inches diameter, and -^ inch thick, put to- 
gether in lengths of 10 feet by being screwed into inter- 
mediate pieces of thick tube 2 inches long. There is, 
however, a difficulty in adapting such a rod to the irregu- 
larities in the outline of most buildings, and since the 
invention of rope made of copper wires twisted together, 
this material has been generally employed both from its 
being continuous throughout, and being easily bent over 
any projections, so that it can be carried over any part of 
the building much more easily than a solid rod or hoUow 
tube. 

The conductor should not merely be carried straight 
down from the highest point of a building to the ground, 
but should also be connected with all the metal-work of 
the roofs, otherwise there is danger of lateral discharges 
which may inflict serious damage. The rod should be 
placed in close contact with the wall, and all attempts at 
insulation by means of glass or porcelain sockets should 
be avoided, as they are both useless and disadvantageous ; 
for the electricity will naturally choose the path that offers 
least resistance, and, even if anything occurred to cause 
it to leave the rod, it is evident that a flash of lightning 
which will pass through several hundreds of yards of air 
will not be affected by a few inches of an insulator. 

The extent of building which a single conductor will 
defend is a matter on which there are diversities of 
opinion. Some French authorities have asserted that a 
rod whose height is hy will protect a circular area whose 
radius is 2i%; so that a rod 100 feet high should protect a 
space around it of 200 feet radius. Such a rule probably 
holds good when lightning is discharged vertically from a 
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cloud, but, as it is often discharged in an oblique direc- 
tion, it may strike a lower portion of a building at a dis- 
tance from the conductor. For instance, a tree was struck 
although only 52 feet from a conductor erected upon a 
house, while the house was untouched ; in another case a 
house was struck at a point only 40 feet from a conductor. 
Several other cases have occurred which seem to show 
that very little reliance can be placed on this rule, and 
tft wuL we have la-ga r«,ges of stogglbg buukg. 
it is necessary to distribute connected conductors through 
them, and to unite these with pointed rods placed at the 
most prominent parts of the buildings. 

Much information as to the value and importance of 
lightning-conductors will be found in a treatise published 
in 1843 by Sir W. Snow Harris on the means of protect- 
ing buildings from the destructive effects of lightning. 
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TABLE L 

Specific Gravity and Weight of Building Materials. 

The following is a Table of the specific gravity and 
weight per cubic foot of some of the principal materials 
used for building purposes : — 





1 

spec. grav. & 


Weight of 1 


Materials. 


weight in ozs. 


cub. ft. in 




of 1 cub. ft 


11)8. av. 


Water 


1000 


62-50 


Beech, dry .... 




• 




690 


43-12 


Elm, seasoned .... 












553 


34-56 


Fir (Nonvay spmce) . 












512 


32-00 


,, (white American spmce) 












465 


29-06 


„ (Memel), dry 












544 


34-00 


„ (Riga), dry . . . 












466 


29-12 


Pine (American), drv . 
„ (American pitch), dry 












368 


23-00 












936 


58-50 


,, ( ,, ), seasoned 












741 


46-31 


Mahogany (Spanish), dry . 
„ (Honduras), dry . 












852 


.';3-30 












560 


35-00 


Oak (Old English), dry . 












625 


39-06 


,, (English), seasoned 












777 


48-56 


„ (Riga), dry 












688 


43-00 


,, (Dantzic), seasoned 












755 


47-24 


,, (American), red 












752 


47-00 


„ ( „ ), white 












840 


62-50 


Teak, diy 












745 


46-56 


„ seasoned . 












657 


41-06 


Granite (Guernsey) . 












2999 


187-47 


,, (Aberdeen) 












2664 


166-50 


„ (Cornish) 












2624 


164-00 


,, (Dublin) 












2713 


169-57 


Slate (Welsh) . 


■ • • 


2888 


180-60 • 
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"rfTcuiin 



AbercaniB (Monmoutl.; 
Pvotdykea (Dundee) 
C.kmii.u (For&r) . 



Mylnefiefd (l)uudciO 
Auehtay (ditto) . 
Locbee (ditto) . 
.Scotgate-heul (Hniileralield) 
Colford (Gloater) 
J^iigwooil (Huddorsficlii) 
Klluid(Hiailiu) . 
I'lirk-spriiie (Leeds) 
Talrifru (Flint) 
WonHfioliI, red 

white 
Darley-dnle, Derby 
New Lai'ds (VorksMi'v) 
Chc])ati>iv (MoDmoutb) , 
Hewdlcy (SiJop) 
Kenton (Nartbumbeiland) 
Giffueuk (Ubugow) , 
Hookatoao (Harrogate, Ytrkahire) 
Stiiinton(DurhBm) , 
Btamley-fall (LemU) . 
Catcraia (Lmlitbgow) 
CraglcitU (Kdiiiboro') . 
HumbJB { ,, ) ■ 
ACeanwood (Leeds) 
Redgate (Durbam) . 
Hungcr.iiill (Eelper) 
Gnlberley (yorkdiire) 
Pensber (Durham) 
HolliiiEton (SUffonl) 
Duffield (Derby) . 
Lonramuet (Perth) . 
Heddon (Northnnibei'laDd] 
Morloy-moor (Derliy) 
Whitby (Yorkahire) 
Tiiall (Stafford) 
CalverleytKent) . 
Tiahury (Wilts) 
Gattoii (Reigate) . 



2tai 
2jsn 

2452 
S»8 
2403 
2378 
•iZU 
2372 
S360 
2318 



2231 
2175 
2173 
2118 
2129 



2089 
2027 
1998 
1889 
1778 

leso 



181-20 
160-60 
160-07 
158-90 
168-70 
168-00 
166-72 
1S3-U 
163-28 
161-11 
160-27 
148 -66 
lia-61 
148-25 
117-60 
146-78 
146-00 
146-00 
143-90 
142-62 
142 -G3 
142-23 
141-70 
141-63 
140-23 
139-88 
139-62 
135 -9fi 
135-82 
131-36 
133-10 
182-90 
131*73 
13078 
180-64 
126 70 
124-66 
118-06 
111-13 
103-10 



WEIGHT OF BUILDING MATERIALS. 



t LlMESTONEa :- 

Bolsover (Darby) 
AnsWc (Yorfcehire) 
Jiooha-abbey (Bawtry, Yorksliirc) 

Hnddlestone (SherLurne „ ) 

rark-nook [ Doncaster , , ) 

Brmlsworth ( „ ,. ) 

Ciuloby ( „ „ ) 

Oolites :— 
Wass (Thirak, Yorksliire), hard 
.. ( .. ,. ), soft. 

Aubigny (France) . 
Ancaater [Linooln) . 
Ikmack (Stamford, Lincoln) 
Tavnton (Oion) 
WmJinBli (Gloster), hard 
{ „ ). soft . 
Portland (Wajcroft) . 

„ (Roach) . 
Doulting (Wilts) . 
Haydor (Lincoln) , 
Kptton (Rutland) . 
Caen (France), average 
Boi (Bath) . 
Coomhe-down (Bath) 



2127 

2304 
2228 
2205 
2198 
2138 
2020 



2175 
2175 
1891 



137-81 
125 '00 
123-00 
110-00 



ChOmark (Wilts), hard 






( 



iSeajjombB (Parbsck) 
Chalk .... 
Hamhill (Sam<<raet) . 
Hildenley (Uolton, Yorkaliire) 
Bornaok (Lincoln) . 
Sutton (Glamorgan) 
Beer (Devon) . 
TottemhoH (Beds) 

Eai-tb, loamy 



2202 
2188 
2176 
2108 
1S6J 

2016 
ISSl 
1919 
1740 
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Materials. 


Spec grav. & 

weight in ozb. 

of 1 cub. ft 


Weight of 1 

cub. ft in 

lbs. av. 


Concrete 

Brickwork 

Mortar 

Iron, wrought . . . . . . 

„ cast 

Steel 

Lead, milled 

Copper, sheet 

Brass, cast 

Bell-metal 

Zinc 

Glass, plate 

,, crown 

Biick, stock 

„ red 

Tile, plain 




2240 
1792 
1744 

7680 
7120 
7840 
11,407 
8785 
8100 
8760 
7028 
2760 
2520 
1841 
2168 
1815 


140-00 
112-00 
109-00 

480-00 
444-00 
490-00 
712-93 
549-06 
606-26 
547-60 
439-25 
172-60 
157-50 
115-06 
135-50 
113-43 



TABLE IL 
Powers of Numbers. 




a* 


a3 


«»•» 


1-0 


1-0 


1-0 


1-6 


1-95 


2-2 


2-3 


3-38 


4-1 


3-1 


5-4 


7-1 


4 


8 


11-3 


5-1 


11-4 


17-1 


6-3 


15-6 


24-7 


7-6 


20-8 


34-5 


9 


27 


46-8 


10-6 


34-3 


60-5 


12-3 


42-9 


80-2 


14-1 


52-7 


102-1 


16 


64 


128-0 


18-1 


77 


158-3 


20-3 


91 


193-8 


22-6 


105 


233-6 


25 


125 


279-0 


27-6 


145 


331-6 


30-3 


166 


390-2 



o« 



1-0 


1-0 


2-2 


2-4 


4-2 


6-1 


7-3 


9-4 


11-7 


16 


17-8 


25-6 


25-8 


39-1 


36-3 


67-2 


49-4 


81-0 


65-6 


111-6 


85-4 


150-1 


109-1 


197-8 


137-2 


256-0 


170-1 


826-3 


213-8 


410-1 


252-6 


609-1 


303-6 


625-0 


360-2 


759-7 


424-9 


915 
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a 


aj.«s 


a« 


a» 


a«» 


a»*» 


a* 


6-75 


17-3 


33-1 


190 


455*9 


497-5 


1093 


6 


18-6 


36 


216 


529-0 


578-8 


1296 


6-25 


19-8 


39-1 


244 


610-4 


668-9 


1526 


6-5 


21-1 


42-3 


275 


700-2 


• 768-9 


1785 


6-76 


22-5 


45-6 


308 


799 


879-1 


2076 


7 


23-9 


49 


343 


907-5 


1000 


2401 


7-25 


25-3 


52-6 


381 


1026-1 


1183 


2763 


7-5 


26-7 


56-3 


422 


1155-3 


1278 


8164 


7-75 


28-2 


60-1 


465 


1295-8 


1436 


3607 


8 


29-7 


64 


612 


1448-2 


1607 


4096 


8-25 


31-2 


68 1 


562 


1612-8 


1792 


4632 


8-5 


32-7 


72-3 


614 


1790-5 


1993 


6220 


8-75 


34-3 


76-6 


670 


1981-7 


2209 


5862 


9 


35-9 


81 


729 


2237-9 


2441 


6561 


9-25 


37-6 


85-6 


791 


2407 


2690 


7821 


9-6 


39-2 


90-3 


857 


2643 


2957 


7959 


9-75 


40-9 


95-1 


927 


2894 


3243 


9037 


10 


42-7 


100 


1000 


3162 


3548 


10000 


10-5 


46-2 


110-3 


1158 


3751 


4219 


12155 


11 


49*8 


121 


1331 


4414 


4977 


14641 


11-5 


53-6 


133 


1521 


5158 


5828 


17490 


12 


67-4 


144 


1728 


5986 


6778 


20736 


12-5 


61-4 


156 


1953 


6905 


7835 


24415 


13 


65-4 


169 


2197 


7921 


9005 


28561 


13-5 


69-6 


183 


2460 


9040 


10296 


33214 


14 


73-8 


196 


2744 


10267 


11716 


38416 


14-5 


78-2 


210 


3049 


11610 


13270 


44206 


15 


82-6 


225 


3355 


13071 


14967 


50325 


16-5 


81*2 


241 


3724 


14661 


16814 


57719 


16 


91-8 


256 


4096 


16384 


18820 


65536 


16-5 


96-6 


272 


4492 


18243 


20992 


74116 


17 


101-3 


284 


4913 


20257 


23340 


83521 


17-5 


106-2 


307 


5360 


22420 


25870 


: 93790 


18 


111-2 


324 


5832 


24743 


28590 


104976 


18-5 


116-3 


342 


6332 


27283 


31510 


117133 


19 


121-4 


361 


6859 


29897 


84640 


130321 


19-5 


126-7 


881 


7415 


32742 


37985 


144583 


20 


1320 


400 


8000 


35778 


41558 


160000 


20-5 


137-5 


420 


8615 


39006 


45365 


176608 


21 


143-0 


441 


9261 


42489 


49418 


194481 


21-5 


148-5 


462 


9939 


46083 


53728 


218689 


22 


154-2 


484 


10648 


49942 


58290 


234256 


22-5 


160-0 


506 


11391 


54030 


63130 


256298 


23 


165-8 


529 


12167 


58353 


68257 


279841 


23-5 


171-7 


552 


12978 


62914 


73672 


304983 


24 


177-7 


576 


13724 


67723 


79387 


329376 


24-5 


183-8 


600 


14707 


72795 


85420 


860322 


25 


190-0 


625 


15625 


78125 


91768 


390625 


25-5 


196-2 


650 


16585 


ft^il^^ 


U%\.^^ 


\ ^aasv^ 
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Absorbent Power of Stone, 89 
Abutments, strength of, 45 
Air, composition of, 182 
— pressure of, 186 
Albumen in trees, 98 
Alumina, 79 
Ancaster stone, 87 
Angle-irons, strength of, 149 
Angle of obliquity, 66 
Angle of repose, 83, 36 
Anston stone, 89 

Arc of circle, centre of gravity of, 16 
Arches, 42 

Arched roof of wood, 124 
— — iron, 169 

Babk of a Tree, 96 

Bath stone, 87 

Beams of wood, strength of, 100 

— cast-iron, strength of, 134 

— wrought-iron, strength of, 

143 
Bending, resistance to, 110 
Bends in pipes, 180 
Binders, strength of, 115 
Boiling-point of water, 167 
Bolsover stone, 89 
Booms of girders, 147 
Bracket, strains in, 6 
Browning's varnish, 94 
Brush discharge of electricity, 195 
Building stones, 78 
Buttress, 21 



Carbonate of Lime, 78 
Carbonic acid, 183 
Carboniferous rocks, 84 
Cast-iron, nature of, 132 

— beams, 133. 

— columns, 137 
Cement, 92 
Centering, 130 
Centre of gravity, 11 

— pressure, 170 

— resistance, 42 
Chalk formation, 86 
Chilmark stone, 86 

Chimney, pressure of wind on, 19 
Circular arch, 43 

— roof of iron, 169 

— wood, 124 
Cleavage of slate, 83 
Co-efficient of Motion in solids, 83 

— — in fluids, 177 

— stability, 47 
Cohesion, 34 
Columns of cast-iron, 137 

— wrought-iron, 142 
Components of a force, 4 
Conductors, lightning, 193 
Cone, centre of gravity of, 15 
Conical domes, 73 
Corbelling, 19 
Cosine of an angle, 4 
Couples, 9 
Creasote, 99 
Crushing strength of wood, 113 
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INDEX. 



Cnihbing strength of iroD, 139 

— — stone, 90 
C'upolEA, 68 

Dead Kkots, 97 

D^cay of wood, 98 

Deflexion of beams of iron, 152 

— — wood, 107 
Devonian formation, 87 
Dielectric, 195 

Diffusion of gases, 184 

Dolomite, 89 

Domes of stone and brick, 68 

— iron, 76 
Doulting stone, 88 
Drain-pii)e8, 181 
Drum of a dome, 68 

Earth, Pressure of, 36 
Efflux of water, 176 
Elasticity, 29 

— modulus of, 29 

— limit of, 29 
Elbows in pipes, 180 
Electricity, 193 
Electrical induction, 194 
Electrics, 194 
Ellipse, 136 

Elliptic arch, 61 
Enamelling iron, 164 
Equation of equilibrium, 47 

— stability, 47 
Equilibrium of forces, 1 

— equation of, 47 
Euler's formula for pillars, 110 
Exogens, 96 

Extrados of an arch, 43 

Fat Limes, 92 
Feldspar, 81 
Fir, strength of, 113 
Flat-arch, 68 
Floors of timber, 114 



Fluid, definition of, 166 

Fluids at rest and in motioD, 166 

Force, definition of, 1 

— of gravity, 2 

— moment of, 7 
Forces, resolution of, 3 
Frame diagram, 7 
Friction of solids, 32 

— fluids, 177 
Fungi, 99 

Galvanizing Ihon, 164 

Gases, 166 

Girders of wood, 115 

— iron, 145 
Gothic arch, 59 

— vaulting, 61 
Granite, 80 
Gravity, centre of, 11 

— force of, 2 
Grits, 84 

Growth of timber, 96 

Hammer-Beam Roof, 122 
Head of water, 172 

— — loss of, 178 
Heart-wood, 97 

Heat, effect of, on iron, 154 
Hemisphere, centre of gi*avity of, 15 
Hodgkinson*s cast-iron beam, 133 
— formula for pillars, 110, 
137, 142 
Hornblende, 81 
Hot water supply, 173 
Hydraulic lime, 92 
Hydrostatic pressure, 172 

Induction, Electrical, 194 
Inertia, moment of, 30 
Intrados of an arch, 43 
Iron, nature of^ 182 

— beams, 133, 143 

— columns, 137, 142 



.INDEX. 



eo9 



Iron domes, 76 
Ironstone, 132 

Joint of Rupture, 46 
Joists, scantling of, 114 

Kentish Ra.g, 86 
King-Post Roof, 118 

Lattice Beams, 147 

Lever, principle of, 8 

Lias formation, 87 

Lightning conductors, 193 

Lime, 71, 91 

Limestones, 86 

Limit of elasticity, 29 

Line of pressures, 42 

Liquids, 166 

Load on a beam, 23 

Long columns of cast-iron, 137 
— — wrought-iron, 142 
—- — wood, 109 

Loss of head of water, 178 

Lune of a dome, 69 

Magnesia, 79 

Magnetic oxide of iron, 164 

Magnesian limestone, 89 

Mansfield stone, 84 

Mass, unit of, 3 

Maxwell's diagram of strains, 6 

Mechanics, science of, 1 

Medullary rays, 97 

Melting point of iron, 133 

Metamorphic rocks, 80 

Metropolitan Building Act, 20 

Mica, 81 

Modulus of elasticity, 29 

Moment of a force, 7 

— inertia, 30 

— strain, 22 

— resistance, 31 
Momentum, 1 
Mortar, 91 



Natural Bed op Stone, 84 
Natural slope of earth, 86 
Needle of a shore, 127 
Neutral axis, 28 
New red sandstone, 84 
Nitrogen, 182 

Oak, Strength of, 113 

Oblique arch, 66 

Octagon, arches arranged In, 54 

OoUtes, 87 

Oxide of iron, 79 

Oxygen, 167 

Ozone, 183 

Parabola, 26 
Parallelogram of forces, 4 
Perfect elasticity, 29 
Permanent load, 103, 110 
Pig iron, 132 
Pillarsof wood, 'strength of, 109 

— iron, strength of, 137 
Pith of a tree, 96 
Pitch of a roof, 120 

— an arch, 59 
Polygon, arches arranged in, 53 
Poor limes, 92 . 

Porosity of stone, 89 
Portland cement, 93 

'— stone, 87 
Potash, 78 
Potential, 195 

Powers of numbers. Table of, 204 
Preservation of iron, 163 

— wood, 99 

— stone, 93 
Pressure of earth, 36 

— water, 168 
Propped beam, 104 
Protection from lightning, 197 
Pyramid, centre of gravity of, 15 

Quartz, 81 
Queen-post roof, 119 
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Qoick-lime, 78, 91 

Rafters, 117 

Raking-shore, 127 

Bankine's principle, 41 

Bansome's concrete stone, 94 

Reaction, 1 

Reciprocal figures, 7 

Resolution of forces, 3 

Resultant of forces, 3 

Retaining walls, 36 

Ribs of arched roofs of timber, 124 

— — iron, 159 
Rolled iron, strength of, 152 
Roman cement, 93 

Roofs of iron, 155 

— wood, 117 
Rupture, joint of, 44 

Safe-load on Cast-irox Beams, 

136 
Safe-load on wrought-iron beams, 

148 
Safe-load on timber beams, 105 
Sapwood, 98 
Sandstones, 83 

Scantlings of roof timbers, 121 
Seasoning timber, 98 
Sector, centre of gravity of, 17 
Segmental arch, 55 
Selenitic mortar, 92 
Serpentine, 82 
Shearing strain, 26 
Shoring, 127 
Short columns of cast-iron, 139 

— — wTOUght-iron, 142 

— — wood. 111 
SiHca, 78 

Sine of an angle, 4 
Skew arch, 66 
Slacked lime, 78, 92 
Slate, 82 
Specific gravity, 174 

— Table of, 201 



Spires, 73 

Stability of structures, 18 

— arches, 47 

— domes, 71 
Steel, 161 

Strains in beams, 21 
Strength of timber beams, 100 

— cast-iron beams, 133 

— wrought-iron beams, 143 

— wooden pillars, 110 

— cast-iron pillars, 137 

— wrought - iron pillars, 
142 

Strength of water pipes, 182 

— stone, 90 
Stress diagram, 7 
Sulphate of lime, 79 
Surcharge of an arch, 43 
Syenite, 81 



Tangent of an Angle, 4 
Tanks, water in, 168 
Tannin, 98 
Tensile strength of wood, 113 

— — cast-iron, 133 
Tensile strength of wrought-iron, 

152 
Thickness of abutments, 49 

— retaining walls, 40 
Thrust of an arch, 44 
Tie-beam, 117 
Timber framing, 116 

— , growth of, 96 
Trapezium, centre of gravity of, 13 
Triangle, centre of gravity of, 12 
Triangle of forces, 3 
Turpentine, 98 



Ultimate Stebngth of Timber, 

113 
Unit of mass, 8 

— weight, 1 



INDEX. 
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Vattlting, Thrust of, 63 
Velocity of wind, 188 
Ventilation of rooms, 185 
Vienna dome, 77 
Voossoirs of an arch, 42 

Watek, Nattre of, 167 

— in motion, 176 

— in pipes, 177 

— in tanks, 168 
Wealden formation, 83 



Whitbed Portland, 88 
Wind pressure on walls, 188 
— — roofs, 190 
Wrought-iron, nature of, 141 

— beams, 143 

— columns, 142 

— , deflexion of, 152 

— , elasticity of, 151 

Yeovil Lias Limestone, 87 
York Stone, 85 



STANDARD WORKS IN BUILDING, ETC. 



PORTLA.ND CEMENT FOR USEES. By Henry Faija, A-M. 
Inst. C.E. With Illustrations. Crown 8vo, 35. 6d, cloth. 
" A useful compendium of results for the practical builder and architect."— ^uiZdin^ News- 

A BOOK ON BUILDING, CIVIL AND ECCLESIASTICAL, 

Including Church Restoration. By Sir Edmund Beckett, Bart., 

LL.D., Q.C., F.R.A.S., Chancellor and Vicar-General of York, Author of 

"Clocks and Watches and Bells," &c. Second Edition, 12nio, 6«. cloth 

boards. 

'* We commend the book to the thoughtful consideration of all who are interested in the 
building art" — Builder, 

THE HANDBOOK OF SPECIFICATIONS ; or, Practical Guide to 

the Architect, Engineer, Surveyor, and Builder, in drawing up Specifica- 

tions and Contracts for Works and Constructions. Illustrated by Prece- 

' dents of Buildings actually executed by eminent Architects and Engineers. 

By Professor Thomas L. Donaldson, M.R.I.B.A. New Edition, in One 

large volume, 8vo, with upwards of 1000 pages of text, and 33 plates, 

cloth, 11. lis. 6d. 

" In this work forty-four specifications of executed works are given. . . . Donaldson'^ 
Handbook of Specifications must be bought by all architects." — Builder. 

SPECIFICATIONS FOR PRACTICAL ARCHITECTURE: A 

Guide to the Architect, Engineer, Surveyor, and Builder ; with an Essay 

on the Structure and Science of Modem Buildings. By Frederick 

Rogers, Architect. 8vo, 15«. cloth. 

\* A volume of specifications of a practical character being greatly required, and the old 
standard work of Alfred Bartholomew being out of print, the author, on the basis of that 
work, has produced the siboxe.— Extract from Preface. 

HINTS TO YOUNG ARCHITECTS. By George Wightwick, 

Architect. New Edition, revised and enlarged. By G. Huskisson 

GuiLLAUME, Architect. 12mo, cloth boards, 4». 

"Will be found an acquisition to pupils, and a copy ought to be considered as necessary a 
purchase as a box of instruments." — Art^itect. 

THE ARCHITECT'S GUIDE : Being a Text Book of Useful Infer- 

mation for Architects, Engineers, Surveyors, Contractors, Clerks of 

Works, &c. By Frederick Rogers. Author of "Specifications for 

Practical Architecture," &c. Crown 8vo, 6«. cloth. 

** As a text-book of useful information for architects, engineers, surveyors, &c, it would 
be hard to find a handier or more complete little volume." — Sta'n4ard. 

LOCKWOOD & CO.'S BUILDER'S AND CONTRACTOR'S PRICE 
BOOK, containing the latest prices of all kinds of Builders' Materials 
and Labour, and of all Trades connected with Building, &c., &c. The 
whole revised and edited by F. T. W. Miller, A.R.I.B.A. Fcap. half- 
bound, 4s. 
** An elaborate collection of memoranda for technical use."— -4f7ie7tawm. 



CW8BY LOCKWOOD & CO., 7, STATIONERS* HALL COURT, KC. 



London, May, i8Si. 

INCLUDING MANY NEW AND STANDARD WORKS IN 

ENGINEERING, ARCHITECTURE, AGRICULTURE, 

MATHEMATICS, MECHANICS, SCIEHCE, ETC. 

PUBUSHBD BY 

CROSBY LOCK^WOOD & CO., 

7, STATIONERS'-HALL COURT. LUDGATE HILL, E.C. 



ENGINEERING, SURVEYING, ETC. 

f— 

Humberts New Work on Water-Supply. 

A COMPREHENSIVE TREATISE on the WATER-SUPPLY 
of CITIES and TOWNS. By William Humber, A-M. Inst 
C.E., and M. Inst. M.E. Illustrated with 50 Double Plates, 
I Single Plate, Coloured Frontispiece, ^pd upwards of 250 Wood- 
cuts, and containing 400 pages of Text, Imp. 4to, 6/. ds, elegantly 
and substantially half-bound in morocco. 

List of Contents : — 



I. Historical Sketch of some of the 
means that have been adopted for the 
Supply of Water to Cities and Towns.— 
1 1. Water and the Foreign Matter usually 
associated with it. — III. Rainfall and 
Evaporation. — IV. Springs and the waters 
bearmg formations of various districts. — 
V. Measurement and Estimation of the 
Flow of Water.—VI. On the Selection of 
the Source of Supply. — ^VII. Wells. — 
VIII Reservoirs. — IX. The Purification 
of Water. — ^X, Pumps. — XI. Pumping 



Machinery. — XII. Conduits. — XIII. Dis- 
tribution of Water. — XIV. Meters, Ser- 
vice Pipes, and House Fittings. — XV. The 
Law and Economy of Water Works.— 
XVI. Constant and Intermittent Supply. 
— XVII. Descriution of Plates. — Appen- 
dices, giving Tables of Rates of Supply, 
Velocities, &c. &c., together with Speciu- 
cations of several Works illustrated, among 
which will b« found : — Aberdeen, Bideford, 
Canterbury, Dundee, Halifax, Lambeth, 
Rotherham, Dublin, and others. 



" The most systematic and valuable work upon water supply hitherto produced in 
English, or in any other language .... Mr. H umber's work is characterised almost 
throughout by an exhaustiveness much more distinctive of French and German than 
of English technical treatises."— .fff^xWrr. 

Humbef^s Great Work on Bridge Construction. 

A COMPLETE and PRACTICAL TREATISE on CAST and 
WROUGHT-IRON BRIDGE CONSTRUCTION, including 
Iron Foundations. In Three Parts — Theoretical, Practical, and 
Descriptive. By William Humber, A-M. Inst C.E., and M. Inst 
M.E. Third Edition, with 115 Double Plates. In 2 vols. imp. 4to^ 
6/. idr. 6d, half- bound in morocco. 

** A book — and particularly a large and costly treatise like Mr. Humber's — which 
has reached its third edition may certainly be said to have established its owu 
reputation. " — Engineering, 

B 
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Humbers Modem Engineering. 

A RECORD of the PROGRESS of MODERN ENGINEER- 
ING. First Series. Comprising Civil, Mechanical, Marine, Hy- 
drauHc, Railway, Bridge, and other Engineering Works, &c. By 
William H umber, A-M. Inst C.E., && Imp. 4to, with 
36 Double Plates, drawn to a large scale, and Portrait of John 
Hawkshaw CE., F.R.S., &c., and descriptive Letter-press, Speci- 
fications, &c. 3/. 3J. half morocco. 

List of the Plaits and Diagrams. 

plates) ; Bridge over the Thames, West 
IxHidon £xtensi(m Railway (^ plates) ; Ar- 
mour Plates : Suspension Bridge, Thames 
(4 plates) : The Allen Engine ; Suspension 
Bridge, Avon (3 plates); Underground 
Railway (3 plates). 
Handsomely lithographed and printed. It will find favourwith many who desire 
to preserve in a permanent form copies of the plans and specifications prepared for the 
fruidance of the contractors for many important engineering works.** — Enginetr, 

H UMBER'S RECORD OF MODERN ENGINEERING. Second 
Series. Imp. 4to, with 36 Double Plates, Portrait of Robert Ste- 
phenson, C.E., &c, and descriptive Letterpress, Specifications, 

&C. 3/. 3r. half morocco. 

List of the Plates and Diagrams. 



Victoria Station and Roof, L. B. & S. 
C. R. (8 plates) ; Southport Pier (2 plates); 
Victoria Station and Roof, L. C. & D. and 
G. W. R. (6 plates) ; Roof of Cremome 
Music Hall ; Bridge over G. N. Railway ; 
Roof of Station, Dutch Rhenish Bail (2 



Viaduct, Merthyr, Tredegar, and Aberga- 
venny Railway; College Wood Viaduct, 
Cornwall Railway ; Dublin Winter Palace 
Roof (3 plates) ; Bridge over the Thames, 
L. C and D. Railway (6 plates) ; Albert 
Harbour, Greenock (4 plates). 



Birkenhead Docks, Low Water Basin 
(isolates); Charinz Cross Station Roof, 
C C. Railway (3 plates) ; Digswell Via- 
duct, G. N. Railway ; Robbery Wood 
Viaduct, G. N. Railway ; Iron Permanent 
Way; Clydach Viaduct, Merthyr, Tre- 
degar, and Abergavenny Railway ; Ebbw 

HUMBERTS RECORD OF MODERN ENGINEERING. Third 
Series. Imp. 4to, with 40 Double Plates, Portrait of J. R. M 'Clean, 
Esq., late Pres. Inst. C.E., and descriptive Letterpress, Specifica- 
tions, &c. 3/. 3J. half morocco. 

List of the Plates and Diagratns. 



Main Drainage, Metropolis.^ — 
North Side. — Map showing Interception 
of Sewers ; Middle Level Sewer (2 plates) ; 
Outfall Sewer, Bridge over River Lea (q 
plates); Outfall Sewer, Bridge over Marsh 
Lane, North Woolwich Railway, and Bow 
and Barkine Railway Junction ; Outfall 
Sewer, Bridge over Bow and Barking 
Railway (3 plates); Outfall Sewer, Bridge 
over East London Waterworks' Feeder 
(3 plates); Outfall Sewer, Reservoir (3 
plates); Outfall Sewer, Tumbling Bay 
and Outlet ; Outfall Sewer, Penstocks. 
South Side. — Outfall Sewer, Bermondsey 



Branch (3 plates) ; Outfall Sewer, Reser- 
voir and Outlet (4 plates) ; Outfall Sewer, 
Filth Hoist; Sections of Sewers (North 
and South Sides). 

Thames Embankment. — Section of 
River Wall ; Steamboat Pier, Westminster 
(2 plates) ; Landing Stairs between Cha- 
ring Cross and Waterloo Bridges ; York 
Gate (2 plates) ; Overflow and Outlet at 
Savoy Street Sewer (3 plates) ; Steamboat 
Pier, Waterloo Bridge (3 plates) ; J unc- 
tion of Sewers, Plans and Sections ; Gullies, 
Plans and Sections ; Rolling Stock ; Gra- 
nite and Iron Forts. 



HUMBERTS RECORD OF MODERN ENGINEERING. Fourth 
Series. Imp, 4to, with 36 Double Plates, Portrait of John Fowler, 
Esq., late l4es. Inst C.E., and descriptive Letterpress, Specifica- 
tions, &c. 3/. 3J. half morocco. 

List of the Plates and Diagrams. 



Abbey Mills Pumping Station, Main 
Drainage, Metropolis (4 plates) ; Barrow 
Docks (5 plates) ; Manqius Viaduct, San- 
tiago and Valparaiso Railway (2 plates) ; 
Adam's Locomotive, St. Helen's Canal 
Railway (3 plates) ; Cannon Street Station 
Roof, Channg Cross Railway (3 plates) ; 
Road Bridge over the River Moka (2 
platc!>). Telegraphic Apparatus for Meso- 



potamia ; Viaduct over the River Wye, 
Midland Railway (3 plates) ; SL German's 
Viaduct, Cornwall Railway ^2 plates) ; 
Wrougbt-Iron Cylinder for DivingBell ; 
Millwall Docks (6 plates) ; Milroy's Patent 
Excavator, Metropolitan -District Railway 
(6 plates) ; Harbours, Ports, and Break- 
waters (3 plates). 
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Strains, FormulcB & Diagrams for Calculation of. 

A HANDY BOOK for the CALCULATION of STRAINS 
in GIRDERS aiid SIMILAR STRUCTURES, and their 
STRENGTH ; consisting of Formulseand Corresponding Diagrams, 
with numerous Details for Practical Application, &c By William 
HUMBER, A-M. lust C.E., &C. Third Edition. With nearly 
100 Woodcuts and 3 Plates, Crown 8vo, 7j. td, cloth. 
** Tho arrangement of the matter in this little volume is as convenient as it well 

could be.^ .... The system of employing diagrams as a substitute for complex 

computations is one justly coming into great favour, and in that respect Mr. HumDer*! 

volume is fully up to the times.* — Engineering. 

. " The formulae are neatly expressed, and the diagrams good.**— v4/>l«n«wM. 

Strains. 

THE STRAINS ON STRUCTURES OF IRONWORK; 

with Practical Remarks on Iron Construction. By F. W. Sheilds, 

M. Inst. C.E. Second Edition, with 5 Plates. RojralSvo, 51*. cloth. 

" The student cannot find a better little book on this subject than that written by 

Mr. Sheilds."— ^«|^W^r. 

Barlow on the Strength of Materials^ enlarged. 

A TREATISE ON THE STRENGTH OF MATERIALS, 
with Rules for application in Architecture, the Construction of 
Suspension Bridg^ Railways, &c. ; and an Appendix on the 
Power of Locomotive Engines, and the effect of Inclined Planes 
and Gradients. By Peter Barlow, F.R.S. A New Edition, 
revised by his Sons, P. W. Barlow, F.R.S., and W. H, Barlow, 
F.R.S. The whole arranged and edited by W. Humber, A-M. 
Inst. C.K 8vo, 400 pp., with 19 large Plates, \%s, cloth. 

" The best book on the subject which has yet appeared. .... We know of 
na work that so completely fulnls its mission."— ^x^/mA Mechanic. 

'* The standard treatise upon this particular sahject,**—'£n£ineer. 

Strength of Cast Iron, &c. 

A PRACTICAL ESSAY on the STRENGTH of CAST IRON 
and OTHER METALS. By Thomas Tredgold, C.E. Fifth 
Edition. To which are added, Experimental Researches on the 
Strength and other Properties of Cast Iron, by E. Hodgkinson, 
F.R.S. With 9 Engravings and numerous Woodcuts. 8vo, I2J. 
cloth. *^* Hodgkinson's Researches, separate, price 6s, 

Hydraulics. 

HYDRAULIC TABLES, CO-EFFICIENTS, and FORMULAE 
for finding the Discharge of Water from Orifices, Notches, Weirs, 
Pipes, and Rivers. With New Formulae, Tables, and Creneral 
Information on Rain-fall, Catchment- Basins, Drainage, Sewerage, 
Water Supply for Towns and Mill Power. By John Neville, 
Civil Engineer, M.R.I.A. Third Edition, careftiUy revised, with 
considerable Additions. Numerous Illustrations. Cr. 8vo, 14^. cloth. 

** Undoubtedly an exceedingly useful and elaborate compilation." — Iron. 

** Alike valuable to students and engineers in practice." — Mining Journal. 

River Engineering. 

RIVER BARS : Notes on the Causes of their Formation, and on 
their Treatment by * Induced Tidal Scour,' with a Description of 
the Successful Reduction by this Method of the Bar at Dublin. By 
I. J. Mann, Assistant Engineer to the Dublin Port and Docks 
Board. With Illustrations. Royal 8vo. 7^. 6</. cloth, \yust publizhtd^ 

^ 1. 
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Levelling. 

A TREATISE on the PRINCIPLES and PRACTICE of 
LEVELLING ; showing its Application to Purposes of Railway 
and Civil Engineering, in the Construction of Roads ; with Mr. 
Telford's Rules for the same. By Frederick W. Simms, 
F.G.S., M. Inst. C.E. Sixth Edition, very carefully revised, with 
the addition of Mr. Law's Practical Examples for Setting out 
Railway Curves, and Mr. Trautwine's Field Practice of Laying 
out Circular Curves, With 7 Plates and numerous Woodcuts. 8vo, 
&r. td, cloth. %• Trautwine on Curves, separate, 5^. 

" The text-book on levelling in most of our engineering schools and colleges."— 
Engineer. 

Practical Tunnelling. 

PRACTICAL TUNNELLING: Explaining in detail the Setting 
out of the Works, Shaft-sinking and Heading-Driving, Ranging 
the Lines and Levelling under Ground, Sub-Excavating, Timbering, 
and the Construction of the Brickwork of Tunnels with the amount 
of labour required for, and the Cost of, the various portions of the 
work. By F. W. Simms, M. Inst. C.E. Third Edition, Revised 
and Extended. By D. Kinnear Clark, M.I. C.E. Imp. 8vo, 
with 21 Folding Plates and numerous Wood Engravings, 30 j. cloth. 
*' It has been regarded from the first as a text-book of the subject. . . . Mr. Clark 
has added immensely to the value of the book." — Engineer, 

Steam. 

STEAM AND THE STEAM ENGINE, Stationary and Port- 
able. Being an Extension of Sewell's Treatise on Steam. By D. 
Kinnear Clark, M.I. C.E. Second Edition. i2mo, 45. cloth. 

Civil and Hydraulic Engineering. 

CIVIL ENGINEERING. By Henry Law, M. Inst C.F. 
Including a Treatise on Hydraulic Engineering, by George R. 
BURNELL, M.I.C.E. Sixth Edition, Revised, with large additions 
on Recent Practice in Civil Engineering, by D. Kinnear Clark, 
M. Inst. C.E. i2mo, 7^. 6^., cloth. [Jfust published, 

GaS'L ighting, 

COMMON SENSE FOR GAS-USERS : a Catechism of Gas- 
Lighting for Householders, Gasfitters, Millowners, Architects, 
Engineers, &c. By R, Wilson, C. E. 2nd Edition. Cr. 8vo, 2s. 6d. 

Bridge Construction in Masonry^ Timber, & Iron. 

EXAMPLES OF BRIDGE AND VIADUCT CONSTRUC- 
TION OF MASONRY, TIMBER, AND IRON ; consisting of 
46 Plates from the Contract Drawings or Admeasurement of sdect 
Works. By W, Davis Haskoll, C.E. Second Edition, with 
the addition of 554 Estimates, and the Practice of Setting out Works, 
virith 6 pages of Diagrams. Imp. 4to, 2/. izr. 6d, half* morocco. 
** A work of the present nature by a man of Mr. HaskoU's experience, must prove 
invaluable. The tables of estimates considerably enhance its ySiiat."'—£Hgifteering, 

Earthwork. 

EARTHWORK TABLES, showing the Contents in Cubic Yards 
of Embankments, Cuttings, &c., of Heights or Depths up to an 
average of 80 feet By Joseph Broadbent, C. E., and Francis 
CAMriN, C.E. Cr. 8vo, oblong, 5J. cloth. 
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Tramways and their Working, 

TRAMWAYS: their CONSTRUCTION and WORKING. 
Containing a Comprehensive History of the System ; an exhaus- 
tive Analysis of the Various Modes of Traction, including Horse 
Power, Steam, Heated Water, and Compressed Air ; a Description 
of the varieties of Rolling Stock ; and ample Details of Cost and 
Working Expenses, with Special Reference to the Tramways of the 
United Kingdom. By D. Ki^NEAR Clark, M. I. C. E., Author 
of * Railway Machinery,* &c., in one vol. 8vo, with numerous Illus- 
trations and thirteen folding Plates, \%5, cloth. 
'* All interested in tramways must refer to it, as all railway engineers have turned 
to the author's work * Railway Machinery.' " — The Engineer. 

" Mr. Clark's book is indispensable for the students of the subject."— 7!^ Builder, 

Pioneer Engineering, 

PIONEER ENGINEERING. A Treatise on the Engineering 
Operations connected with the Settlement of Waste Lands in New 
Countries. By Edward Dobson, A.I.C.E. With Plates and 
W^ood Ene^ravings. Revised Edition. i2mo, 5j. cloth. 
" A workmanlike production, and one without possession of which no man should 
start to encounter the duties of a pioneer engineer. ' — A themeum. 

Steam Engine, 

TEXT-BOOK ON THE STEAM ENGINE. By T. M. 

GOODEVE, M.A., Barrister-at-Law, Author of **The Principles 

of Mechanics," **The Elements of Mechanism," &c. Third 

Edition. With numerous Illustrations. Crown 8vo, dr. cloth. 

" Professor Goodeve has given us a treatise on the steam engine, which will bear 

comparison with anything wHtten by Huxley or Maxwell, and we can award it no 

higher praise." — Engineer. 

*' Mr. Goodeve's text-book is a work of which every young engineer should pos- 
sess himself." — Mining Journal, 

Steam. 

THE SAFE USE OF STEAM : containing Rules for Unpro- 
fessional Steam Users. By an Engineer. 4th Edition. Sewed, 6^. 
** If steam-users would but learn this little book by heart, boiler explosions would 
become sensatioBS by their xwnxy^'— English Mechanic, 

Mechanical Engineering, 

MECHANICAL ENGINEERING : a Practical Treatise on. 
Comprising Metallurgy, Moulding, Casting, Forging, Tools, Work- 
shop Machinery, Mechanical Manipulation, Manufacture of the ' 
Steam Engine, &c. By Francis Campin, C.E., Author of 
** Materials and Construction,'* &c. With Numerous Illustrations. 
i2mo, 3J. cloth boards. \yust published ^ 

Works of Construction, 

MATERIALS AND CONSTRUCTION : a Theoretical and 
Practical Treatise on the Strains, Designing, and Erection of 
Works of Construction. By Francis Campin, C.E., Author of 
**A Practical Treatise on Mechanical Engineering, &c." i2mo, 
3J. (>d, cloth boards. 

Iron BHdges, Girders^ Roofsy &c. 

A TREATISE ON THE APPLICATION OF IRON 
TO THE CONSTRUCTION OF BRIDGES, GIRDERS, 
ROOFS, AND OTHER WORKS. By F. Campin, C.E. i2mo, v^ 
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Oblique Arches. 

A PRACTICAL TREATISE ON THE CONSTRUCTION of 
OBLIQUE ARCHES. By John Hart. 3rdEd. Imp. 8vo, &f.cloth. 

Oblique Bridges. 

A PRACTICAL and THEORETICAL ESSAY on OBLIQUE 
BRIDGES, with 13 large Plates. By the late Gsa Watson 
Buck, M. I. C. E, Third Edition, revised by his Son, J. H. Watson 
Buck, M.I.C.E. ; and with the addition of Description to Dia- 
grams for Facilitating the Construction of Oblique Bridges, by 
W. H. Barlow, M. I. C. E. Royal 8vo, 12s. doth. 

'* Tho standard text book for all engineers r^;arding skew arches is Mr. Bu Jc's 
treatise and it would be impossible to consult a \i«tin,'*—EngifU€r, 

Gas and Gasworks. 

THE CONSTRUCTION OF GASWORKS AND THE 
MANUFACTURE AND DISTRIBUTION OF COAL-GAS. 
Originally written by Samuel Hughes, C.E. Sixth Edition. 
Re-written and much Enlarged, by William Richards, C.E. 
With 72 Woodcuts. i2mo, 5^. cloth boards. 

Waterworks for Cities and Towns. 

WATERWORKS for the SUPPLY of CITIES and TOWNS, 
with a Description of the Principal Geological Formations of Eng* 
land as influencing Supplies of Water. By S. Hughes. 45. 6^/, doth. 

Locomotive-Engine Driving. 

LOCOMOTIVE-ENGINE DRIVING ; a Practical Manual for 
Engineers in charge of Locomotive Engines. By Michael 
Reynolds, M.S.E., formerly Locomotive Inspector L. B. and 
S. C. R. Fourth Edition, greatly enlarged. Comprising A 
KEY TO THE LOCOMOTIVE ENGINE. With lUustra- 
tions and Portrait of Author. Crown 8vo, 4J. td, cloth. 
*' Mr. Reynolds has supplied a want, and has supplied it welL We can confidently 

recommend the book not only to the practical driver, but to every one who takes au 

nterest in the performance <h locomotive engines." — Engineer. 

The Engineer y Fireman, and Engine-Boy. 

THE MODEL LOCOMOTIVE ENGINEER, FIREMAN, 
AND ENGINE-BOY : comprising a Historical Notice of the 
Pioneer Locomotive Engines and their Inventors, with a project 
for the establishment of Certificates of Qualification in the Running 
Service of Railways. By Michael Reynolds, Author of 
** Locomotive- Engine Driving." Crown 8vo, 41. 6d, cloth. 
" From the technical knowledge of the author it will appeal to the railway man of 
o-day more forcibly than anything written by Dr. Smiles." — English Mechanic. 

Stationary Engine Driving. 

STATIONARY ENGINE DRIVING. A Practical Manual fcr 
Engineers in Charge of Stationary Engines. By Michael Rey- 
nolds (** The, Engine-Driver's Friend"), Author of "Locomo- 
tive-Engme Driving," &c. With Plates and Woodcuts, and Steel 
Portraitof James Watt. Crown 8vo, 4J. ()d. cloth. 

Engine-Driving Life. 

ENGINE-DRIVING LIFE ; or Stirring Adventures and Inci- 
dents in the Lives of Locomotive Engine-Drivers. By Michael 
Reynolds, Crown 8vo, 25, cloth. \yust published. 
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Construction of Iron Beams, Pillars, &c. 

IRON AND HEAT ; exhibiting the Principles concerned in the 
constraction of Iron Beams, Pillars, and Bridge Girders, and the 
Action of Heat in the Smelting Furnace. By J. Armour, C.E. 3J. 

Fire Engineering. 

FIRES, FIRE-ENGINES, AND FIRE BRIGADES. With 
a History of Fire-Engines, their Construction, Use, and Manage- 
ment ; Remarks on Fire- Proof Buildings, and the Preservation of 
Life from Fire ; Statistics of the Fire Appliances in English 
Towns ; Foreign Fire Systems ; Hints on Fire Brigades, &c., &c. 
By Charles F. T. Young, C.E. With numerous Illustrations, 
handsomely printed, 544 pp., demy 8vo, i/. 4J. cloth. 
** We can most heartily commend this book." — Engineering. 

"Mr. Young's book on 'Fire Engines and Fire Brigades' contains a mass of 
information, which has been collected from a variety of sources. The subject is so 
intensely interesting and useful that it demands consideration."— ^«»^/«jfA'«t/f. 

Trigonometrical Surveying. 

AN OUTLINE OF THE METHOD OF CONDUCTING A 
TRIGONOMETRICAL SURVEY, for the Formation of Geo- 
graphical and Topographical Maps and Plans, Military Recon- 
naissance, Levellii^, &c., with the most useful Problems in Geodesy 
and Practical Astronomy. By Lieut. -Gen. Frome, R.E., late In- 
spector-General of Fortifications. Fourth Edition, Enlarged, and 
partly Re-written. By Captain Charles Warren, R.E. With 
19 Plates and 115 Woodcuts, royal 8yo, idr. cloth. 

Tables of Curves. 

TABLES OF TANGENTIAL ANGLES and MULTIPLES 
for setting out Curves from 5 to 200 Radius. By Alexander 
Beazeley, M. Inst. C.E. Second Edition. Printed on 48 Cards, 
and sold in a cloth box, waistcoat-pocket size, 31-. 6^/. 
" Each table is printed on a small card, which, being placed on the theodolite, leaves 
the hands free to manipulate the 'va&Xx\xmtxA.^* -^Engineer. 

i' Very handv ; a man may know that all his day's work must fall on two of these 
cards, which he puts into his own card-case, and leaves the rest behind." — 

Engineering Fieldwork. ^'^ thenaum. 

THE PRACTICE OF ENGINEERING FIELDWORK, 
applied to Land and Hydraulic, Hydrographic, and Submarine 
Surveying and Lerelling. Second Edition, revised, with consider- 
able additions, and a Supplement on WATERWORKS, SEWERS, 
SEWAGE, and IRRIGATION. By W. Davis Haskoll, C.E. 
Numerous folding Plates. In i Vol., demy 8vo, i/. 5^., cl. boards. 

Large Tunnel Shafts. 

THE CONSTRUCTION OF LARGE TUNNEL SHAFTS. 
A Practical and Theoretical Essay. By J. H. Watson Buck, 
M. Inst. C.E., Resident Engineer, London and North- Western 
Railway. Illustrated with Folding Plates. Royal 8vo, I2j. cloth. 
*' Many of the methods given are of extreme practical value to the masoB, and the 
observations on the form of arch, the rules for ordering the stone, and the construc- 
tion of the templates, will be foiuid of considerable use. We commend the book to 
the engineering profession, and to all who have to build similar shafts." — Building 
News. 

"Will be regarded by civil en^neers as of the utmost value, and calculated to save 
much time and ob\ iate many mistakes " — Colliery Guardian. 
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Survey Practice. 

AID TO SURVEY PRACTICE : for Reference in Surveying, 

Levelling, Setting-out and in Route Surveys of Travellers by Land 

and Sea. With Tables, Illustrations, and Records. By Lowis 

D'A. Jackson, A-M.I.C.E. Author of ** Hydraulic Manual and 

Statistics," &c Large crown, 8vo, I2J. 6^., cloth. 

" Mr. Jackson has produced a valuable vade-tnecutn for the surveyor. We can 

recommend this book as containing an admirable supplement to the teaching of the 

accomplished surveyor." — Athenetu$n. 

** A general text book was wanted, and we are able to speak with confidence of 
Mr. Jackson's treatise. . . . We cannot recommend to the student who knows 
something; of the mathematical principles of the subject a better course than to fortify 
his practice in the field under a comp etent surveyor with a study of Mr. Jackson s 
useful manual. The field records illustrate every kind of survey, and will be found 
an essential aid to the atudetit."— Buildings News. 

" The author brings to his work a fortunate union of theory and jMactical expe- 
rience which, aided by a clear and lucid style of writing, renders the book both a very 
useful one and very agreeable to read." — Builder, 

Sanitary Work, 

SANITARY WORK IN THE SMALLER TOWNS AND 
IN VILLAGES. Comprising : — i. Some of the more Common 
Forms of Nuisance and their Remedies ; 2. Drainage ; 3. Water 
Supply. By Chas. Slagg, Assoc Inst. C.E. Crown 8vo, 3J. cloth. 

"A very useful book, and may be safely recommended. The author has had 
practical experience in the works of which he Xxtaxs.** ^Builder, 

Locomotives. 

LOCOMOTIVE ENGINES, A Rudimentary Treatise on. Com- 
prising an Historical Sketch and Description of the Locomotive 
Engine. By G. D. Dempsey, C.E. With large additions treat- 
ing of the Modern Locomotive, by D. Kinnear Clark, C.E., 
M.I.C.E., Author of "Tramways, their Construction and Working," 
&c., &c. With numerous Illustrations. i2mo. 3^. dd. cloth boards. 

" The student cannot fail to profit largely by adopting this as his preliminary text- 
book." — Iron and Coal Trades Review. 

** Seems a model of what an elementary technical book should be.** — Academy, 

Fuels and their Economy. 

FUEL, its Combustion and Economy ; consisting of an Abridg* 
ment of "A Treatise on the Combustion of Coal and the Prevention 
of Smoke." By C. W. Williams, A.I.C.E. With extensive 
additions on Recent Practice in the Combustion and Economy of 
Fuel— Coal, Coke, Wood, Peat, Petroleum, &c. ; by D. KiN- 
near Clark, C.E., M.I.C.E. Second Edition, revised. With 
numerous Illustrations. i2mo. 4J. cloth boards. 
" Students should buy the book and read it, as one of the most complete and satis- 
factory treatises on the combustion and economy of fuel to be had." — Engineer, 

Roads and Streets. 

THE CONSTRUCTION OF ROADS AND STREETS. In 
Two Parts. I. The Art of Constructing Common Roads. By 
Henry Law, C.E. Revised and Condensed. II. Recent 
Practice in the Construction of Roads and Streets : including 
Pavements of Stone, Wood, and Asphalte. By D. Kinnear 
Clark, C.E., M.I.C.E. Second Edit., revised. i2mo, 5^. cloth. 

** A book which every borough surveyor and engineer must possess, and which will 
Ve of considerable service to architects, builders, and property owners generally.*' — 
Building News, 




PUBLISHED BY CROSBY LOCRWOOD & CO. 9 

Sewing Machine {The), 

SEWING MACHINERY ; being a Practical Manual of the 
Sewing Machine, comprising its History and Details of its Con- 
struction, with full Technical Directions for the Adjusting of Sew- 
ing Machines. By J. W. Urquhart, Author of "Electro 
Plating : a Practical Manual ; ** " Electric Light : its Production 
and Use." With Numerous Illustrations. I2m0| 2J. 6^. cloth 
boards. 

Field-Book for Engineers. 

THE ENGINEER'S, MINING SURVEYOR'S, and CON- 
TRACTOR'S FIELD-BOOK. By W. Davis Haskoll, C.E. 
Consisting of a Series of Tables, with Rules, Explanations of 
S3rstems, and Use of Theodolite for Traverse Surveying and Plotting 
the Work with minute accuracy by means of Straight Edge and Set 
Square only ; Levelling with the Theodolite, Casting out and Re- 
ducing Levels to Datum, and Plotting Sections in the ordinary 
manner; Setting out Curves with the Theodolite by Tangential 
Angles and MiStiples with Right and Left-hand Readings of the 
Instrument ; Setting out Curves without Theodolite on the System 
of Tangential Angles by Sets of Tangents and Offsets ; and Earth- 
work Tables to 80 feet deep, calculated for every 6 inches in depth. 
With numerous Woodcuts. 4th Edition, enlarged. Cr. 8vo. I2J. cloth. 
" The book is very handy, and the author might have added that the separate tables 

of sines and tangents to every minute will make it useful for many other purposes, thQ 

genuine traverse tables existmg all the same." — Athenautn. 

"Cannot fail, from its portability and utility, to be extensively patronised by tho 

engineering {H-ofession.** — Mining Journals 

Earthwork, Measurement and Calculation of. 

A MANUAL on EARTHWORK. By Alex. T. S. Graham, 

C.E., Resident Engineer, Forest of Dean Central Railway. With 

numerous Diagrams. i8mo, 2j. 6d, cloth. 

"Ass 

railway 

work will _ 

available for general or rough estimates, as well as for the more exact calculations 

required in the engineers' contractor's offices." — Artizan, 

Drawing for Engineers^ &c. 

THE WORKMAN'S MANUAL OF ENGINEERING 
DRAWING. By John Maxton, Instructor in Engineering 
Dravring, Royal Naval College, Greenwich, formerly of R. S. N. A., 
South Kensington. Fourth Edition, carefully revisecL With upwards 
of 300 Plates and Diagrams. i2mo, cloth, strongly bound, 41. 
" A copy of it should be kept for reference in evoy drawing office." — Engineerings 
** Indispensable for teachers of engineering drA'mng,**-~'MecAaMics* Magazine, 

Wealds Dictionary of Terms. 

A DICTIONARY of TERMS used m ARCHITECTURE, 
BUILDING, ENGINEERING, MINING, METALLURGY, 
ARCHEOLOGY, the FINE ARTS, &c. By John Weale. 
Fifth Edition, revised by Robert Hunt, F.R.S., Keeper of Mining 

Records, Editor of ** Ure's Dictionary of Arts." l2mo, dr. cL bds. 

•* The best small technological dictionary' in the language."— ylnrAiV^c/. 

*' The absolute accuracy of a work of this character can only be judged of aAer 
extensive consultation, and from our examination it appears very correct and ver^ 
complete." — Mining yournal. 




lo WORKS IN Mining, metallurgy, etc., 
MINING, METALLURGY, ETC. 

« 

Metalliferous Minerals and Mining. 

A TREATISE ON METALLIFEROUS MINERALS AND 

MINING. By D.C. Davies, F.G.S., author of ** A Treatise on 

Slate and Slate Quarrying." With numerous wood engravings. 

Second Edition, revised. Cr. 8vo. I2J. 6rf. cloth. 

'* Without (luestion, the most exhaustive and the most practically useful work we 

have seen ; the amount of information given is enormous, and it is given concisely 

and intcllieibly.*|— J/j«t«^ Journal. 

'* The volume is one which no student of mineralogy should be without" — Colliery 
Guardian. 

** The author has gathered together from all available sources a vast amount of 
really useful^ information. As a history of the present state of mining throughout 
the world this book has a real value, and it supplies an actual want, for no such mfor* 
mation has hitherto been brought together within such limited space." — Aihen^tum. 

Slate and Slate Quarrying. 

A TREATISE ON SLATE AND ^LATE QUARRYING, 
Scientific, Practical, and Commercial. By D. C. Davies, F.G.S., 
Mining Engineer, &c. With numerous Illustrations and Folding 
Plates. Second Edition, carefully revised. i2mo, y, 6d, cloth boards. 
" Mr. Davies has written a useful and practical hand-book on an important industry*, 
with all the conditions and details of which he appears familiar." — Engineering, 

'* The work is illustrated by actual practice, and is unusually thorough and lucid. 
. . . Mr. Davies has completed his work with industry and skill." — Builder. 

Metallurgy of Iron. 

A TREATISE ON THE METALLURGY OF IRON : con- 
taining Outlines of the History of Iron Manufacture, Methods of 
Assay, and Analyses of Iron Ores, Processes of Manufacture of 
Iron and Steel, &c. By H. Bauerman, F.G.S., Associate of the 
Royal School of Mines. With numerous Illustrations. Fourth 
Edition, revised and much enlarged. i2mo, cloth boards, 5^. 
" Has the merit of brevity and conciseness, as to less important points, while all 
material matters are very fully and thoroughly entered xaXa, -'Stattaard. 

Manual of Mining Tools. 

MINING TOOLS. For the use of Mine Managers, Agent 
Mining Students, &c. By William Morgans, Lecturer on Prac- 
tical Mining at the Bristol School of Mines. Volume of Text. 
i2mo, 3^. With an Atlas of Plates, containing 235 Illustrations. 
4to, 6s. Together, 9^. cloth boards. « 

" Students in the science of Mining, and Overmen, Captains, BfanagerSi an 

Viewers may gain practical knowledge and useful hints by the study ot Mr 

Morgans' lA^nvoL**— Colliery Guardian, 

Minings Surveying and Valuing. 

THE MINERAL SURVEYOR AND VALUER'S COM- 
PLETE GUIDE, comprising a Treatise on Improved Mining 
Surveying, with new Traverse Tables ; and Descriptions of Im- 
proved Instruments ; also an Exposition of the Correct Principle 
of Laying out and Valuing Home and Foreign Iron and Coa 1 
Mineral Properties. By William Lintern, Mining and Civil 
En^eer. With four Plates of Diagrams, Plans, &c., l2mo, 41. doth. 
" Contains much valuable information ^ven in a small compass, and which^ as fiur 
as we have tested it, is thoroughly trustworthy." — Iron and Coal Trades Revtew. 

*^* The above, bound with Thoman's Tables. (See page 20.) 
Tiict Js. 6d, cloth. 
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Coal and Coal Mining. 

COAL AND COAL MINING : a Rudimentary Treatise on. By 

Warington W. Smyth, M.A., F.R.S., &c., Chief Inspector 

of the Mines of the Crown. Fifth edition, revised and corrected. 

i2mo, with numerous Illustations, 41. doth boards. 

" Every portion of the volume appears to have been prepared vriih much care, and 

as an outlme is given of every known coal-field in this and other countries, as well as 

of the two principal methods of working, the book will doubtless interest a very 

large number of xtaA&xs^*— Mining journal. 

Underground Pumping Machinery. 

MINE DRAINAGE ; being a Complete and Practical Treatise 
on Direct-Acting Underground Steam Pumping Machinery, with 
a Description of a large number of the best known Engines, their 
GenerjJ Utility and the Special Sphere of their Action, the Mode 
of their Application, and their merits compared with other forms of 
Pumping Macliinery. By Stephen Michell, Joint- Author of " The 
Cornish System of Mine Drainage." 8vo, I 5j. cloth, \yust published. 



NAVAL ARCHITECTURE, NAVIGATION, ETC. 

f ■ 

Pocket Book for Naval Architects <Sf Shipbuilders. 

THE NAVAL ARCHITECT'S AND SHIPBUILDER'S 
POCKET BOOK OF FORMULAE, RULES, AND TABLES 
AND MARINE ENGINEER'S AND SURVEYOR'S HANDY 
BOOK OF REFERENCE. By Clement Mackrow, M. Inst. 
N. A., Naval Draughtsman. With numerous Diagrams. Fcap., 
12^-. 6^., strongly bound in leather. 
*' Should be tised by all who are engaged in the construction or design of vessels.* 
— Engineer. 

'* There is scarcely a subject on which a naval architect or shipbuilder can require 
to refresh his memory which will not be found within the covers of Mr. Mackrow's 
book." — English Mechanic. 

" Mr. Mackrow has compressed an extraordinary amount of information into this 
useful y<Ayxmit**—Athenaum. 

Grantham's Iron Ship-Building. 

ON IRON SHIP-BUILDING ; with Practical Examples and 
Details. Fifth Edition. Imp. 4to, boards, enlarged from 24 to 40 
Plates (21 quite new), including the latest Examples. Together 
with separate Text, also considerably enlarged, i2mo, cloth limp. 
By John Grantham, M. Inst. C.E., &c 2/. 2s, complete. 

** Mr. Grantham's work is of great interest. It will, we are confident, command an 
extensive circulation among shipbuilders in eeneral. oy order of the Board of Admi- 
ralty, Uie work will form the text-book on which the examination in iron ship-building 
of candidates for promotion in the dockyards will be mainly based." — Engineerings 

Pocket-Book for Marine Engineers. 

A POCKET-BOOK OF USEFUL TABLES AND FOR 
MUL^ FOR MARINE ENGINEERS. By Frank Proctor, 
A. I.N. A. Second Edition, revised and enlarged. Royal 32mo, 
leather, gilt edges, with strap, 4J. 
*' A most useful companion to all marine engineets."— £/«^<^«SWvm-# GM»ife. 
" Scarcely anything required by a naval engineer appears to have h«ea. Cq.x« 
gotten."— /fw». 



12 WORKS IN NAVAL ARCHITECTURE, ETC, 

L igkt-Houses. 

EUROPEAN UGHT-HOUSE SYSTEMS ; being a Report tA 
a Tour of Inspection made in 1873. By Major Geokgs H. 
Elliot, Corps of Engineers, U.S. A. Illustrated by 51 En- 
gravings and 31 Woodcuts in the Text Svo, 2IJ. doth. 

Surveying {Land and Marine), 

LAND AND MARINE SURVEYING, in Reference to the 
Preparatiou of Plans for Roads and Railways, Canals, Rivers, 
Tov.ns' Water Supplies, Docks and Harbours ; with Description 
and Use of Surveying Instruments. By W. Davis Haskoll, C. E. 
With 14 folding Plates, and numerous Woodcuts. Svo, \2s, 6d, doth. 

'* A most useful and well arranged book for die aid of a student" — BuUder. 

'* Of the utmost practical utility, axui may be safely recommended to aU students 
who aspize to become clean and expert surveyors.**— //mtm^ JouthoL 

Storms. 

STORMS : theur Nature, Classification, and Laws, with the 
Means of Predicting tiiem by their Embodiments, the Clouds. 
By William Blasius. Crown Svo, \os, 6d, cloth boards. 

Rudimentary Navigation. 

THE SAILOR'S SEA-BOOK: a Rudimentary Treatise on Navi- 
gation. By James Greenwood, B. A. New and enlarged edition. 
By W. H. RossER. i2mo, 3J. cloth boards. 

Mathematical and Nautical Tables, 

MATHEMATICAL TABLES, for Trigonometrical, Astronomical, 
and Nautical Calculations ; to which is prefixed a Treatise on 
Logarithms. By Henry Law, C. E. Together with a Series of 
Tables for Navigation and Nautical Astronomy. By J. R. 
Young, formerly Professor of Mathematics in Belfiast College. 
New Edition. i2mo, 45. cloth boards. 

Navigation {Practical) y with Tables. 

PRACTICAL NAVIGATION : consisting of the SaUor's Sea- 
Book, by James Greenwood and W. H. Rosser ; together 
with the requisite Mathematical and Nautical Tables for the Work- 
ing of the Problems. By Henry Law, C.E., and Professor 
J. R. Young. Illustrated with numerous Wood Engravings and 
Coloured Plates. i2mo, p, strongly half bound in leather. 



WEALE'S RUDIMENTARY SERIES. 

The following books in Haval Architecture^ etc,, are published in the 

above series, 

MASTING, MAST-MAKING, AND RIGGING OF SHIPS. By 

Robert Kipping, N.A. Fourteenth Edition. i2mo, ^s, 6d. doth. 
SAILS AND SAIL-MAKING. Tenth Edition, enlarged. By Robert 

Kipping, N.A. Illustrated. i2mo, 3J. doth boards. 
NAVAL ARCHITECTURE. By James Peake. Fourth Edition, 

with Plates and Diagrams. i2mo, 4s, doth boards. 
MARINE ENGINES, AND STEAM VESSELS. By Robert 

Murray, C.E. Seventh. E.d\\.\oTi. iimo, v» ^- cloth boards. 
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ARCHITECTURE, BUILDING, ETC. 
Construction. — • — 

THE SCIENCE of BUILDING : An Elementary Treatise on 
the Principles of Construction. By E. Wyndham Tarn, M.A., 
Architect. With 47 Wood Engravings. Demy 8vo, &r. dd, cloth. 
•* A very valuable book, which we strongly recommend to all students." — Builder, 
** No architectural student should be wi&out this hand-book." — Architect, 

Villa Architecture, 

A HANDY BOOK of VILLA ARCHITECTURE ; bemg a 
Series of Desic^ns for Villa Residences in various Styles. With 
Detailed Specihcations and Estimates. By C. Wickes, Architect, 
Author of " The Spires and Towers of the Mediaeval Churches of Eng- 
land," &c. 31 Plates, 4to, half morocco, gilt edges, il, is. 
*^^* Also an Enlarged edition of the above. 61 Plates, with Detailed 

Specifications, Estimates, &c. 2/. 2s. half morocco. 
'* The whole of the designs bear evidence of their being the work of an artistic 
architect, and they will prove very valuable and suggestive. — Building Newt, 

Useful Text' Book for Architects. 

THE ARCHITECT'S GUIDE : Being a Text-book of Useful 
Information for Architects, Engineers, Surveyors, Contractors, 
Clerks of Works, &c. By Frederick Rogers. Author of 

* 'Specifications for Practical Architecture," &c. Cr. 8vo, dr. cloth. 
"As a text-book of useful information for architects, engineers, surveyors, &c., it 
would be hard to find a handier or more complete little \olumt."-— Standard. 

Taylor and Cresys Rome, 

THE ARCHITECTURAL ANTIQUITIES OF ROME. By 
the late G. L. Taylor, Esq., F.S.A., and Edward Cresy, Esq. 
New Edition, thoroughly revised, and supplemented under the 
editorial care of the Rev. Alexander Taylor, M.A. (son of 
the late G. L. Taylor, Esq.), Chaplain of Gray's Inn. This is 
the only book which gives on a large scale, and with the precision 
of architectural measurement, the principal Monuments of Ancient 
Rome in plan, elevation, and detail. Large folio, with 130 Plates, 
half-bound, 3/. 3J. 
*^^* Originally published in two volumes, folio, at 18/. i&f. 

Vitruviu^ Architecture. 

THE ARCHITECTURE OF MARCUS VITRUVIUS 
POLLIO. Translated by Joseph Gwilt, F.S.A, F.R.A.S. 
Numerous Plates. i2mo, cloth limp, 5j. 

The Young Architect's Book. 

HINTS TO YOUNG ARCHITECTS. By George Wight- 
WICK, Architect. New Edition, revised and enlarged. By G. 
HusKissoN Guillaume, Architect. i2mo, cloth boards, 4j. 
" Will be found an acquisition to pupils, and a copy ought to be considered as 
necessary a purchase as a box of instruments." — Architect. 

** A large amount of information, which young architects will do well to acquire, if 
they wish to succeed in the everyday work of their profession."-~JSrtg'lish Mechanic, 

Drawing for Builders and Students. 

PRACTICAL RULES ON DRAWING for the OPERATIVE 
BUILDER and YOUNG STUDENT in ARCHITECTURE. 
By George Pyne. With 14 Plates, ^to, 7i. 6rf, boaxda* 
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The House-Owner^ s Estimator. 

THE HOUSE-OWNER'S ESTIMATOR ; or, Wliat wiU it 

Cost to Build, Alter, or Repair? A Price-Book adapted to the 

Use of Unprofessional People as well as for the Axchitectural 

Surveyor and Builder. By the late James D. Simon, A.R.I.B. A 

Edited and Revised by F&ancis T. W. Miller, A.R.I.B.A., 

Surveyor. Third Edition, carefully Revised. Crown 8vo, 3J. 6^/., 

cloth. \yu5t published. 

" In two years it will repay its cost a hundred times over.*' — Field. 

*' A very handy book for those who want to know what a house will cost to build, 

alter, or rcpait.** — English Mechanic. 

Boiler and Factory Chimneys. 

BOILER AND FACTORY CHIMNEYS ; then- Draught-power 
and Stability, with a chapter on Lightning Conductors. By Robert 
Wilson, C.E., Author of " Treatise on Steam Boilers," &c., &c. 
Crown 8vo, y. 6d. cloth. 

Civit and Ecclesiastical Building. 

A BOOK ON BUILDING, CIVIL AND ECCLESIASTICAL, 
Including Church Restoration. By Sir Edmund Beckett, 
Bart., LL.D., Q.C., F.R.AS., Chancellor and Vicar-General 
of York. Author of "Clocks and Watches and Bells," &a 
Second Edition, i2mo, 5j. cloth boards. 
'* A book which is always amusing and nearly always instructive. Sir E. Beckett 

will be read for the raciness of his style. We are able very cordially to recommend 

all persons to read it for themselves. The style throughout is in the behest degree 

ccMiaensed and epigrammatic."— ZxV^mx. 

" We commend the book to the thoughtful consideratioxi of all who are interested 

in the building sect."— Builder. 

Architecturey Ancient and Modern. 

RUDIMENTARY ARCHITECTURE, Ancient and Modem. 
Consisting of VITRUVIUS, translated by Joseph Gwilt, 
F.S.A., &c., with 23 fine copper plates; GRECIAN Archi- 
tecture, by the Earl of Aberdeen ; the ORDERS of 
Architecture, by W. H. Leeds, Esq. ; The STYLES of Archi- 
tecture of Various Countries, by T. Talbot Bury; The 
PRINCIPLES of DESIGN m Architecture, by E. L. Garbett. 
In one volume, half-bound (pp. 1,100), copiously illustrated, izr. 






Sold separately, in two vols., asfollarws — 



ANCIENT ARCHITECTURE. Containing Gwilt's Vitruvius 
and Aberdeen's Grecian Architecture. Price dr. half-bound. 

N. B. — This is the only edition of VITRUVIUS procurable at a 
moderate price. 

MODERN ARCHITECTURE. Containing the Orders, bv Leeds ; 
The Styles, by Bury; and Design, by GarbetL 6j. half-bound. 

House Painting. 

HOUSE PAINTING, GRAINING, MARBLING, AND 
SIGN WRITING : a Practical Manual ot With 9 Coloured 
Plates of Woods and Marbles, and nearly 150 Wood Engravings. 
By Ellis A. Davidson, Author of ** Building Construction," &c 
Third Edition, carefully revised. i2mo, 6j. cloth boards. 
'* Contains a mass of information of use to the amateur and of value to the practical 
mMit. **-'£n^lish Mechanic. 
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Plumbing, 

PLUMBING ; aText-book to the Practice of the Art or Craft of the 
Plumber. With chapters upon House- drainage, embodying the 
latest Improvements. By W. P. BucHAN, Sanitary Engineer. 
Second Edition, enlarged, with 300 illustrations, i2mo. 4J. cloth. 
'• The chapters on house-drainage may be usefully consulted, not only by plumbers, 
but also by engineers and all engaged or interested in house-buildbg. — Iron. 

Handbook of Specifications. 

THE HANDBOOK OF SPECIFICATIONS; or, Practical 
Guide to the Architect, Engineer, Surveyor, and Builder, in drawing 
up Specifications and Contracts for Works and Constructions. 
Illustrated by Precedents of Buildings actually executed by eminent 
Architects and Engineers. By Professor Thomas L. Donald- 
son, M.I.B.A. New Edition, in One large volume, 8vo, with 
upwards of 1000 pages of text, and 33 Plates, cloth, i/. lu. dd. 
*'In this work forty-four specifications of executed works are given. . . . Donald- 
son's Handbook of Specifications must be bought by sdl architects." — Builder. 

Specifications for Practiced Architecture, 

SPECIFICATIONS FOR PRACTICAL ARCHITECTURE : 
A Guide to the Architect, Engineer, Surveyor, and Builder ; with 
an Essay on the Structure and Science of Modem Buildings. By 
Frederick Rogers, Architect. 8vo, 15J. doth. 

*«* A volume of specifications of a practical character being greatly required, and the 
old standard work of Alfred Bartholomew being out of print, the author, on the basis 
of that work, has produced the above. — Extractfrom Preface, 

Designing, Measuring y and Valuing. 

THE STUDENT'S GUIDE to the PRACTICE of MEA- 
SURINGand VALUING ARTIFICERS' WORKS ; containing 
Directions for taking Dimensions, Abstracting the same, and bringing 
the Quantities into Bill, with Tables of Constants, and copious 
Memoranda for the Valuation of Labour and Materials in the re- 
spective Trades of Bricklayer and Slater, Carpenter and Joiner, 
Painter and Glazier, Paperhanger, &c With 43 Plates and Wood- 
cuts. Originally edited by Edward Dobson, Architect. New 
Edition, re-written, with Additions on Mensuration and Construc- 
tion, and useful Tables for facilitating Calculations and Measure- 
ments. By E. Wyndham Tarn, M.A., 8vo, ioj. (id, doth. 

*' Well fulfils the promise of its title-page. Mr. Tarn's additions and revisions have 
much increased the usefulness of the work." — Engineering, 

Beaton! s Pocket Estimator, 

THE POCKET ESTIMATOR FOR THE BUILDING 
TRADES, being an easy method of estimating the various parts 
of a Building collectively, more especially appHed to Carpenters* 
and Joiners' work, priced according to the present value of material 
and labour. By A. C. Beaton, Author of ** Quantities and 
Measurements." Second Edition. Waistcoat-pocket size. u. ^d, 

Beaton's Builders' and Surveyors Technical Guide. 

THE POCKET TECHNICAL GUIDE AND MEASURER 
FOR BUILDERS AND SURVEYORS: contammg a Complete 
Explanation of the Terms used in Building Construction, Memo- 
randa for Reference, Technical Directions for Measuring Work in 
all the Building Trades, &c. By A. C. Beaton, is, 6d, 



1 6 WORKS IN CARPENTRY, TIMBER, ETC., 

Builders and Contractor s Price Book. 

LOCKWOOD & CO.*S BUILDER'S AND CONTRACTOR'S 
PRICE BOOK, containing the latest prices of all kinds of Builders' 
Materials and Labour, and of all Trades connected with Building, 
&c., &c. The whole revised and edited by F. T. W. Miller, 
A.R.I.B.A. Fcap. half-bound, 4J. 



CARPENTRY, TIMBER, ETC. 

— • 

TredgolcTs Carpentry ^ new and cheaper Edition. 

THE ELEMENTARY PRINCIPLES OF CARPENTRY : 

a Treatise on the Pressure and Equilibrium of Timber Framing, the 
Resistance of Timber, and the Construction of Floors, Arches, 
Bridges, Roofs, Uniting Iron and Stone with Timber, &c. To which 
is added an Essay on the Nature and Properties of Timber, &c., 
with Descriptions of the Kinds of Wood used in Building ; also 
numerous Tables of the Scantlings of Timber for different purposes, 
the Specific Gravities of Materisds, &c. By Thomas Tredgold, 
C.E. Edited by Peter Barlow, F.R.S. Fifth Edition, cor- 
rected and enlarged. With 64 Plates (i i of which now first appear 
in this edition). Portrait of the Author, and several Woodcuts. lu 
I vol., 4to, published at 2/. 2^., reduced to i/. 5^. cloth. 
" Ought to be in every architect's and every builder's library, and those who 
do not already possess it ought to avail themselves of the new issue. — BuUder. 

**A work whose monumental excellence must commend it wherever skilful car- 
pentry is concerned. The Author's principles are rather confirmed than impaired by 
time. The additional plates are of great intrinsic value." — Building- Neva, 

Grandy's Timber Tables. 

THE TIMBER IMPORTER'S, TIMBER MERCHANTS, 

and BUILDER'S STANDARD GUIDE. By Richard E. 

Grandy. Comprising : — An Analysis of Deal Standards, Home 

and Foreign, with comparative Values and Tabular Arrangements 

for Fixing Nett Landed Cost on Baltic and North American Deals, 

including all intermediate Expenses, Freight, Insurance, &c., &c. ; 

together with Copious Information for the Retailer and Builder. 

2nd Edition. Carefully revised and corrected. i2mo, 3 J. td. cloth. 

" Everything it pretends to bie : built up gradually, it leads one from a forest to a 

treenail, and throws in, as a makeweight, a host of material concerning bricks, columns, 

cisterns, &c. — all that the class to whom it appeals requires."— -^Mt^JwA Mtchanic. 

Timber Freight Book. 

THE TIMBER IMPORTERS' AND SHIPOWNERS* 
FREIGHT BOOK : Being a Comprehensive Series of Tables for 
the Use of Timber Importers, Captains of Ships, Shipbrokers, 
Builders, and all Dealers in Wood whatsoever. By William 
Richardson, Timber Broker. Crown 8vo, ts. cloth. 

Tables for Packing-Case Makers. 

PACKING-CASE TABLES ; showing the number of Superficial 
Feet in Boxes or Packing-Cases, from six inches square and 
upwards. By W. Richardson. Oblong 4to, y. 6d. cloth. 

" Wiu save much labour and calculation to packing-case makers and those who mm 
packing-cases."— (Trwrr. " Invaluable labour-saving XA\>\t%.**—IfVHmof$g9r. 
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Norton! s Measurer. 

THE COMPLETE MEASURER ; setting forth the Measure- 
ment of Boards, Glass, &c. ; Unequal-sided, Square-sided, Oc- 
tagonal-sided, Round Timber and Stone, and Standing Timber, 
With just allowances for the bark in the respective species of 
trees, and proper deductions for the waste in hewing the trees, 
&C. ; also a Table showing the solidity of hewn or eight-sided 
timber, or of any octagonal-sided column. By Richard Horton. 
Third edition, with considerable and valuable additions, l2mo, 
strongly bound in leather, 5^. 

Horton s Underwood and Woodland Tables. 

TABLES FOR PLANTING AND VALUING UNDER- 
WOOD AND WOODLAND ; also Lineal, Superficial, Cubical, 
and Decimal Tables, &c. By R. Horton. i2mo, 2j, leather. 

Nicholson's Carpenters Guide. 

THE CARPENTER'S NEW GUIDE; or, BOOK of LINES 
for CARPENTERS : comprising all the Elementary Principles 
essential for acquiring a knowledge of Carpentiy. Founded on the 
late Peter Nicholson's standard work. A new Edition, revised 
by Arthur Ashpitel, F.S.A., together with Practical Rules on 
Drawing, by George Pyne. With 74 Plates, 4to, i/. is. cloth. 

Dowsing s Timber Merchant's Companion. 

THE TIMBER MERCHANT'S AND BUILDER'S COM- 
PANION ; containing New and Copious Tables of the Reduced 
Weight and Measurement of Deals and Battens, of all sizes, from 
One to a Thousand Pieces, also the relative Price that each size 
bears per Lineal Foot to any given Price per Petersburgh Standard 
Hundred, &c., &c. Also a variety of other valuable information. 
By William Dowsing, Timber Merchant. Third Edition, Re- 
vised. Crown 8vo, 3J. cloth. 

"Everything is as concise and clear as it can possibly be made. There can be no 
doubt that every timber merchant and builder ought to possess it." — Hull Advertiser, 

Practical Timber Merchant. 

THE PRACTICAL TIMBER MERCHANT, being a Guide 
for the use of Building Contractors, Surveyors, Builders, &c., 
comprising useful Tables for all purposes connected with the 
Timber Trade, Essay on the Strength of Timber, Remarks on the 
Growth of Timber, &c By W. Richardson. Fcap. 8vo, 3J. (id, cl. 

Woodworking Machinery. 

WOODWORKING MACHINERY; its Rise, Progress, and 
Construction. With Hints on the Management of Saw Mills and 
the Economical Conversion of Timber. Illustrated with Examples 
of Recent Designs by leading English, French, and American 
Engineers. By M. Powis Bale, M.I.M.E. Large crown 8vo, 
\2s, 6d. cloth. 
"Mr. Bale is eviden tly an expert on the subject, and he has collected so much 
information that his book is all-sufficient for builders and others engaged in the con- 
version oi xSmhtr."— Architect. 

" The most comprehensive compendium^ of wood-working machinery we have 
seen. The author is a thorough master of his subject." — BviUiin^ News. 
*• It should be in the office of every wood-working factory."— -£«^//f A Mechanic, 
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MECHANICS, ETC. 

Turning, — • — 

LATHE-WORK : a Practical Treatise on the Tools, Appliances, 

and Processes employed in the Art of Turning. By Paul N. Has- 

LUCK. With numerous Illustrations drawn by the Author. 

Crown 8vo, 5^. cloth. [Just published. 

" Evidently written from personal experience, and gives a large amount of just 

that sort of information which bi^nners at the lathe require." — Builder. 

*' Expounds the art and mystery of the turner in an informative fashion." — Scotsman, 
" Mr. Hasluck's book will be a boon to amateurs." — Architect, 

Mechanic's Workshop Companion. 

THE OPERATIVE MECHANICS WORKSHOP COM- 
PANION, and THE SCIENTIFIC GENTLEMAN'S PRAC- 
TICAL ASSISTANT. By W. Templeton. 12th Edit., with 
Mechanical Tables for Operative Smiths, Millwrights, Engineers, 
&C. ; and an Extensive Table of Powers and Roots, i2mo, 5a bound. 
" Admirably adapted to the wants of a very lar^e class. It has met with great 
success in the engineering workshop, as we can testify ; and there are a great many 
men who, in a great measure, owe their rise in life to this Uttle work. '*—Buildifi£ Neufs, 

Engineers and Machinist's Assistant. 

THE ENGINEER'S, MILLWRIGHTS, and MACHINIST'S 
PRACTICAL ASSISTANT ; comprising a Collection of Usefid 
Tables, Rules, and Data. By Wm. Templkton. i8mo, 2/. 6^. 
"A more suitable present to an apprentice to any of the mechanical trades could not 
possibly be m^die,** ^Building News, 

Superficial Measurefnent. 

THE TRADESMAN'S GUIDE TO SUPERFICIAL MEA- 
SUREMENT. Tables calculated from I to 200 inches in length, 
by I to 108 inches in breadth. For the use of Architects, Engineers, 
Tunber Merchants, Builders, &c. By J. Hawkings. Fop. y, 6d. cl. 

The High-Pressure Steam Engine. 

THE HIGH-PRESSURE STEAM ENGINE ; an Exposition 
of its Comparative Merits, and an Essay towards an Improved 
System of Construction, axlapted especially to secure Safety and 
Economy. By Dr. Ernst Alban. Translated from the German, 
with Notes, by Dr. Pole, F.R.S. 8vo, i6j. 6d. cloth. 

Steam Boilers. 

A TREATISE ON STEAM BOILERS : their Strength, Con- 
struction, and Economical Working. By R. Wilson, C.E. 
Fifth Edition. i2mo, 6s. cloth. 
*' The best work on boilers which has come under our notice." — Engineering, 
** The best treatise that has ever been published on steam boilers." — Engineer, 

Power in Motion. 

POWER IN MOTION: Horse Power, Toothed Wheel Gearing, 
Long and Short Driving Bands, Angular Forces, &c. By James 
Armour, C.E. With 73 Diagrams. i2mo, 3^., cloth. 

Mechanics. 

THE HANDBOOK OF MECHANICS. By DiONYSius 
Lardner, D.C.L. New Edition, Edited and considerably En- 
larged, by Benjamin Loewy, F.R. A.S., &c., post 8vo, 6j. cloth. 

"Studiously po]mIar .... The application of the various branches of physics to 
ihc indiutriad arts is carefully shown.— Aftmn; JoumaL 
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MATHEMATICS, TABLES, ETC. 
Gregory^ s Practical Mathematics. 

MATHEMATICS for PRACTICAL MEN ; being a Common- 
place Book of Pure and Mixed Mathematics. Designed chiefly 
for the Use of Civil Engineers, Architects, and Surveyors. Part I. 
Pure Mathematics — comprising Arithmetic, Algebra, Geometry, 
Mensuration, Trigonometry, Conic Sections, Properties of Curves. 
Part II. Mixed Mathematics — comprising Mechanics in general, 
Statics, Dynamics, Hydrostatics, Hydrodynamics, Pneumatics, 
Mechanical Agents, Strength of Materials. With an Appendix of 
copious Logarithmic and other Tables. By Olinthus Gregory, 
LL. D. , F.R. A. S. Enlarged by Henry Law, C. E. 4th Edition, 
revised by Prof. J. R. Young. With 13 Plates. 8vo, i/. \s. cloth. 
" The engineer or architect will here find ready to his hancLruIes for solving nearly 

every mathematical difficulty that may arise in his practice. The rules are in all cases 

explained by means of examples clearly worked out." — Builder, 

The Metric System. 

A SERIES OF METRIC TABLES, hi which the British 
Standard Measures and Weights are compared with those of the 
Metric System at present in use on the Continent. By C. H. 
DowLiNG, C.E, 2nd Edit, revised and enlarged. 8vo, los, 6d. cl. 
" Their accuracy has been certified by Prof. Airy, Astronomer-RoyaL"— ^M7(c/<rr. 

InwoocCs Tables, greatly enlarged and improved. 

TABLES FOR THE PURCHASING of ESTATES, Freehold, 
Copyhold, or Leasehold; Annuities, Advowsons, &c., and for the 
Renewing of Leases held under Cathedral Churches, Colleges, or 
other corporate bodies ; for Terms of Years certain, and for Lives ; 
also for Valuing Reversionary Estates, Deferred Annuities, Next 
Presentations, &a, together with Smart's Five Tables of Compound 
Interest, and an Extension of the same to Lower and Intermediate 
Rates. By William Inwood, Architect The 21st edition, with 
considerable additions, and new and valuable Tables of Logarithms 
for the more Difficult Computations of the Interest of Money, Dis- 
count, Annuities, &c. By M. F^dor Thoman. i2mo, &r. cloth. 
*' Those interested in the purchase and sale of estates, and in the adjustment of 

compensation cases, as well as in transactions in annuities, life insurances, &c., will 

find the present edition of eminent sen\c^"—'Eng^tueriHg. 

Geometry for the Architect^ Engineer^ &c. 

PRACTICAL GEOMETRY, for the Architect, Engineer, and 
Mechanic. By E. W. Tarn, M. A., Architect. DemySvo, I2j.6£/. cl. 

Mathematical Instruments. 

MATHEMATICAL INSTRUMENTS: Their Construction, 
Adjustment, Testing, and Use ; comprising Drawing, Measuring, 
Optical, Surveying, and Astronomical Instruments. By J. F. 
Heather, M.A. Enlarged Edition. i2mo, 5^. cloth. 

WeightSy Measures^ Moneys, &c. 

MEASURES, WEIGHTS, and MONEYS of all NATIONS, 
and an Analysis of the Christian, Hebrew, and Mahometan 
Calendars. Entirely New Edition, Revised and Enlarged. By 
W. S, B. WooLHOUSE, F.R.A.S. i2mo, 2s. 6^^. cloth boaxd<%. 
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Compound Interest and A nnuities. 

THEORY of COMPOUND INTEREST and ANNUITIES ; 
with Tables of Logarithms for the more Difficult Computations of 
Interest, Discount, Annuities, &c., in all their Applications and 
Uses for Mercantile and State Purposes. By FfcDOR Thoman, 
of the Soci^t^ Cr^t Mobilier, Paris. 3rd Edit., izmo, 41. dd, cl. 
" A very powerful work, and the Author has a yery remarkable command of his 
subject.'*— /'r^Mvr A. tU Morgan, 

Iron and Metal Trades^ Calculator. 

THE IRON AND METAL TRADES' COMPANION: 
Being a Calculator containing a Series of Tables upon a new and 
comprehensive plan for expeditiously ascertaining the value of any 
goods bought or sold by weight, from is. per cwt. to i I2j. per 
cwt., and from one farthing per lb. to is. per lb. Each Table ex- 
tends from one lb. to 100 tons. ByT. Down IE. 396 pp., 9^., leather. 
'* A most useful set of tables, and will supply a want, for nothing like them before 
existed." — Building News. 

Iron and Steel, 

'IRON AND STEEL': a Work for the Forge, Foundry, 
Factory, and Office. Containing Information for Ironmasters and 
their Stocktakers ; Managers of Bar, Rail, Plate, and Sheet Rolling 
Mills ; Iron and Metal Founders ; Iron Ship and Bridge Builders ; 
Mechanical, Mining, and Consulting Engineers ; Architects, Builders, 
&c. By Charles Hoare, Author of *The Slide Rule,' &c. Eighth 
Edition. With folding Scales of "Foreign Measures compared 
with the English Foot," and ** fixed Scales of Squares, Cubes, 
and Roots, Areas, Decimal Equivalents, &c. " Oblong, 32mo, 6j. , 
leather, elastic-band. 
** For comprehensiveness the book has not its equaL" — Iron. 

Comprehensive Weight Calculator. 

THE WEIGHT CALCULATOR; being a Series of Tables 
upon a New and Comprehensive Plan, exhibiting at one Reference 
the exact Value of any Weight from lib. to 15 tons, at 300 Pro- 
gressive Rates, from i Penny to 168 Shillings per cwt., and con- 
taining 186,000 Direct Answers, which, with their Combinations, 
consisting of a single addition (mostly to be performed at sight), 
will affi^rd an aggregate of 10,266,000 Answers ; the whole being 
calculated and designed to ensure Correctness and promote 
Despatch. By Henrv Harben, Accountant, Sheffield. New 
Edition. Royal 8vo, i/. 5^., strongly half-bound. 

Comprehensive Discount Guide. 

THE DISCOUNT GUIDE : comprising several Series of Tables 
for the use of Merchants, Manufacturers, Ironmongers, and others, 
by which may be ascertained the exact profit arising from any mode 
of using Discounts, either in the Purchase or Sale of Goods, and 
the method of either Altering a Rate of Discount, or Advancing a 
Price, so as to produce, by one operation, a sum that will realise 
any required profit after allowing one or more Discounts : to which 
are added Tables of Profit or Advance from ij to 90 per cent.. 
Tables of Discount from i^ to 98! per cent., and Tables of Commis- 
sion, &c., from \ to 10 per cent. By Henry Harben, Accountant. 
New Edition. Demy 8vo, \l. 5^., half-bound. 
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SCIENCE AND ART. 



The Construction of the Organ. 

PRACTICAL ORGAN BUILDING. By W. E. DiCKSOX, 
M. A., Precentor of Ely Cathedral. Crown 8vo, 5j. cloth. 
" In many respects the book is the best that has yet appeared on the subject. We 
cordially recommend it." —English Mechanic. 

" Any practical amateur following the instructions here given might build an 
organ to his entire satisfaction." — Leeds Mercury. 

Dentistry. 

MECHANICAL DENTISTRY. A Practical Treatise on the 
Construction of the various kinds of Artificial Dentures. Com- 
prising also Useful Formuloe, Tables, and Receipts for Gold 
i^late, Clasps, Solders, etc., etc. By Charles Hunter. With 
numerous Wood Engravings. Crown 8vo, 7^. 6d. cloth. 

" The work is very practical'' — Monthly Review of Dental Surgery. 

"An authoritative treatise We can strongly recommend Mr. Hunter's 

treatbe to all students preparins; for the profession of dentistry, as well as to every 
mechanical dentist." — Duolin Journal qf Medical Science. [and Circular. 

"The best book on the subject with which we are acquainted." — Medical Presa 

Brewing. 

A HANDBOOK FOR YOUNG BREWERS. By Herbert 
Edwards Wright, B.A. Crown 8vo, 3J. 6</. cloth. 

"A thoroughly scientific treatise in popular language. It is evident that the 
author has miastered his subject in its scientific aspects." — Morning Advertiser. 

** We would particularly recommend teachers of the art to place it in every pupil's 
hands, and we feel sure its perusal will be attended with advantage." — Brewer. 

Gold and Gold-Working. 

THE GOLDSMITH'S HANDBOOK : containing full instruc- 
tions for the Alloying and Working of Gold. Including the Art of 
Alloying, Melting, Reducing, Colouring, Collecting and Refining. 
The processes of Manipulation, Recovery of Waste, Chemical and 
Physical Properties of Gold, with a new System of Mixing its 
Alloys ; Solders, Enamels, and other useful Rules and Recipes, &c. 
By George E. Gee, Goldsmith and Silversmith. Second Edition, 
considerably enlarged. i2mo, 3J. 6^. cloth boards. 
"The best work yet printed on its subject for a reasonable price. * —yeweller. 
** We consider that the trade owes not a little to Mr. Gee, who has in t«ro volumes 

compressed almost the whole of its literattu-e, and we doubt not that many a young 

beginner will owe a part of his future success to a diligent study ol the pages which 

are peculiarly well adapted to his use." — Clerkenwell Press. 

" Essentially a practical manual, well adapted to the wants of amateurs and 

apprentices, containing trustworthy information that only a practical man can 

supply." — English Mechanic, 

Silver and Silver Working. 

THE SILVERSMITH'S HANDBOOK, containing full In- 

structions for the Alloying and Working* of Silver, including the 

different modes of refining and melting the metal, its solders, the 

preparation of imitation alloys, &c. By George £. G£E» 

Jeweller, &c. i2mo, 3J, 6</. cloth boards. 

" llie chief merit of the work is its practical character. The workers in the trade 

will speedily discover its merits when they sit down to study 'vC'—Englisf^ Mechanic, 

"This work forms a valuable sequel to the author's Practical Goldworker, and 

supplies a want long felt in the silver trade." — Silversmith's Trade Journal, 
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Electric Lighting. 

ELECTRIC LIGHT : Its Production and Use, embodying plain 
Directions for the Working of Galvanic Batteries, Electric Lamps, 
and Dynamo-Electric Machines. By J. W. Urquhart, C. E., 
Author of ''Electroplating : a Practical Handbook." Edited by 
F. C. Webb, M.LC.K, M.S.T.E. With 94 Illustrations. 
Crown 8vo, yx. dd, cloth. 
" It is the only work at present available, which gives a general bat concise hist r 

of the means (which have been adopted up to the present time in producing th 

electiic }^:f^^— Metropolitan, 

** An important addition to the literature of the electric light. Students of the 

subject should not fail to read \t,"— Colliery Guardian. 

Electroplatings <Sfc. 

ELECTROPLATING: A Pracdcal Handbook. By J. W. 
Urquhart, C.E. Crown 8vo, 5j. cloth. 

" A large amount of thoroughly practical information." — Telegraphic journal, 

** An excellent practical manuaL — Engineering, 

"The information given appears to be based on direct personal knowledge. . . . 
Its science is sound, and the style is always dieax,'*'-'Athe7ueu9n. 

*'^y ordinarily intelligent person may become an adept in electro-depontion 
with a very little science indeed, and this is the book to show him or her the way." 
^Builder. 

** The volume is without a rival in its particular sphere.** — Design and Work, 

Electrotypingy &c. 

ELECTROTYPING : a Practical Manual on the Reproduction 
and Multiplication of Printing Surfaces and Works of Art by the 
Electro-deposition of Metals. By J. W. Urquhart, C.E. 
Crown 8vo, 5^. cloth. [Just published* 

" Will serve as a guide, not only to beginners in the art, but to those who still 
practise the old and imperfect methods of electrotypin^." — Iron, 

"The book throughout is entirely practical, is fuad and clear in style, and the 
minutest details are so stated that amateurs will find no difficulty whatever in follow- 
ing them out. We have no hesitation in recommending it as a reliable work." — 
Paper and Printing Trades youmal. 

The Military Sciences. 

AIDE-MEMOIRE to the MIUTARY SCIENCES. Framed 
from Contributions of Officers and others connected with the dif- 
ferent Services. Originally edited by a Committee of the Corps of 
Rmral Engineers. Second Edition, most carefully revised by an 
Omcer of the Corps, with many additions ; containing nearly 350 
Engravings and many hundred Woodcuts. 3 vols, ro]^ 8vo, extra 
doth boards, and lettered, 4/. lox. 

Field Portijication. 

A TREATISE on FIELD FORTIFICATION, the ATTACK 
of FORTRESSES, MILITARY MINING, and RECON- 
NOITRING. By Colonel I. S. Macaulay, late Professor of 
Fortification in the R. M. A., Woolwich. Sixth Edition, crown 
8vo, doth, wi^ separate Atlas of 12 Plates, 12s. complete. 

Dye- Wares and Colours. 

THE MANUAL of COLOURS and DYE- W ARES : their 
Properties, Applications, Valuation, Impurities, and Sophistications, 
For the Use of Dyers, Printers, DryscJters, Brokers, &c By J. 
W. Slater. Post 8vo, is. 6d, cloth. 
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The Alkali Trade — Sulphuric Acidy &c. 

A MANUAL OF THE ALKALI TRADE, including the 
Manufacture of Sulphuric Acid, Sulphate of Soda, and Bleaching 
Powder. By John Lomas, Alkali Manufacturer, Newcastle-upon- 
Tyne and London. With 232 Illustrations and Working Draw- 
ings, and containing 386 pages of text. Super-royal 8vo, 
2/ I2s. 6d, cloth. [jfust published. 

This work provides (i) a Complete Handbook for intending Alkali and Sulphuric 
Acid Manufacturers^ and for those already in the field who desire to improve their 
plant, or to become practically acquainted with the latest processes and developments 
of the trade ; (2) a Handy Volume which Manufacturers can put into the hands of 
their Managers and Foremen as a useful guide in their daily rounds of duty. 

Synopsis of Contents. 



Chap. I. Choice of Site and General 
Plan of Works— II. Sulphuric Acid — 
III. Recovery of the Nitrogen Com- 
pounds, and Treatment of Small Pyrites 
—IV. The Salt Cake Process— V. Legis- 
lation upon thee Noxious Vapours Ques- 
tion — ^VI. The Hargreaves' and Jones' 
Processes — ^VII. The Balling Process — 
VIII. Lixiviation and Salting Down — 



IX, Carbonating or Finishing — X. Soda 
Crystals — XI. Refined Alkali — XII. 
Caustic Soda — XIII. Bi-carbonate of 
Soda — XIV. Bleaching Powder— XV. 
Utilisation of Tank Waste— XVI. General 
Remarks — Four Appendices, treating of 
Yields, Sulphuric Acid Calculations, Ane- 
mometers, and Foreign Legislation upon 
the Noxious Vapours Question. 



" The author has given the fullest, most practical, and, to all concerned in the 
alkali trade, most valuable mass of information that, to our knowledge, has been 
published in any language." — Engineer. 

*" This book is written by a manufacturer for manufacturers. The working details 
of the most approved forms of apparatus are given, and these are accompanied by 
no less than 232 wood engravings, all of which may be used for the purposes of con- 
struction. Every step in the manufacture is very fully described in this manual, and 
each improvement explained. Everything which tends to introduce economy into 
the technical details of this trade receives the fullest attention. The book has been 
produced with g^eat completeness." — Athenaum. 

"The author is not one of those clever compilers who, on short notice, will 'read 
up' any conceivable subject, but a practical man in the best sense of the word. We 
find here not merely a sound and luminous explanation of the chemical principles of 
the trade, but a notice of numerous matters which have a most important bearing 
on the successful conduct of alkali works, but which are generally overlooked by- 
even the most experienced technological authors. This most valuable book, which 
we trust will be generally appreciated, we must pronounce a credit alike to its author 
and to the enterprising firm who have undertaken its publication."— CA^mtVa/ 
Review. 

Chemical Analysis. 

THE COMMERCIAL HANDBOOK of CHEMICAL ANA- 
LYSIS ; or Practical Instructions for the determination of the In- 
trinsic or Commercial Value of Substances used in Manufactures, 
in Trades, and in the Arts. By A. Normandy, Author of ** Prac- 
tical Introduction to Rose's Chemistry," and Editor of Rose's 
"Treatise on Chemical Analysis." New Edition. Enlarged, and 
to a great extent re-written, by Henry M. Noad, Ph. D., F.R.S. 
Witli numerous Illustrations. Cr. Svo, \zs. 6d. cloth. 

"We recommend this book to the careful perusal of every one ; it may be truly 
affirmed to be of universal interest, and we strongly recommend it to oiur resuleis as a 
guide, alike indispensable to the housewife as to the pharmaceutical practitioner."— 
Medical Times. 

** Essential to the analysts appointed under the new Act. The most recent results 
are given, and the work is well edited and carefully written." — Nature. 
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Dr. Lardner^s Museum of Science and Art. 

THE MUSEUM OF SCIENCE AND ART. Edited by 
DiONYSius Lardner, D.C.L., formerly Professor of Natural Phi- 
losophy and Astronomy in University College, London. With up- 
wards of 1 200 Engravings on Wood. In 6 Double Volumes. 
Price £\ u., in a new and elegant cloth binding, or handsomely 
bound in half morocco, 31J. td. 

OPINIONS OF THE PRESS. 

** This series, besides affording popular but sound instruction on scientiSc subjects, 
with which the humblest man in the country ought to be acquainted, also undertakes 
that teaching of * common things ' which every well-wisher of his kind is anxious to 
promote. Many thousand copies of this serviceable publication have been printed, 
m the belief and hope that the desire for instruction and improvement widely pre- 
vails ; and we have no fear that such enlightened faith will meet with disappoint- 
ment" — Times. 

" A cheap and interesting publication, alike informing and attractive. The papers 
combine subjects of importance and great scientific knowledge, considerable mauc- 
tive powers, and a popiuar style of treatment." — Spectator, 

"liie ' Museum of Science and Art' is the most valuable contribution that has 
ever been made to the Scientific Instruction of every class of society." — Sir David 
Brewster in the North British Review. 

** Whether we consider the liberality and beauty of the illustrations, the charm of 
the writing, or the durable interest of the matter, we must express our belief that 
there is hardly to be found among the new books, one that would be welcomed by 
people of so many ages and classes as a valuable present." — Examiner, 

** Separate books formed from the above, suitable for Workmen's 

Libraries, Science Classes, dr»r. 

COMMON THINGS EXPLAINED. Containing Air, Earth, Fire, 
Water, Time, Man, the Eye, Locomotion, Colour, Clocks and 
Watches, &c. 233 Illustrations, doth gUt, $/. 

THE MICROSCOPE. Containing Optical Images, Magnifying 
Glasses, Origin and Description of die Microscope, Microscopic 
Objects, the Solar Microscope, Microscopic Drawing and Engrav- 
ing, &c. 147 Illustrations, cloth gilt, 2J. 

POPULAR GEOLOGY. Containing Earthquakes and Volcanoes, 
the Crust of the Earth, eta 201 Illustrations, cloth gilt, 7s. 6d. 

POPULAR PHYSICS. Containing Magnitude and Minuteness, the 
Atmosphere, Meteoric Stones, Popular Fallacies, Weather Prog- 
nostics, the Thermometer, the Barometer, Sound, &c. 85 Illus- 
trations, cloth gilt, 2s, 6d, 

STEAM AND ITS USES. Including the Steam Engine, the Lo- 
comotive, and Steam Navigation. 89 Illustrations, cloth gilt, 2s. 

POPULAR ASTRONOMY. Containing How to Observe the 
Heavens. The Earth, Sun, Moon, Planets. Light, Comets, 
Eclipses, Astronomical Influences, &c. 182 Illustrations, 41. 6d. 

THE BEE AND WHITE ANTS : Their Manners and Habits. 
With Illustrations of Animal Instinct and Intelligence. 135 Illus- 
trations, cloth gilt, 2s, 

THE ELECTRIC TELEGRAPH POPULARISED. To render 
intelligible to all who can Read, irrespective of any previous Scien- 
tific Acquirements, the various forms of Telegraphy in Actual 
Operation. 100 Illustrations, cloth gilt, is. 6d, 
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Dr.Lardnej^s Handbooks of Natural Philosophy. 

*•* The following five volumes^ though each is Complete in itself, and to be Pur- 
chased separately y form A Complete Course of Natural Philosophy, and are 
intended for the general reader who desires to attain accurate knowledge of the 
various departments of Physical Scietice, without pursuing them according to the 
tnore profound methods of mathematical investigation. The style is studiously 
popular. It has been the author's aim to supply Manuals such as are required by 
the Stttdenty the Engineer, the Artisan, ana the superior classes in Schools. 

THE HANDBOOK OF MECHANICS. Enlarged and almost 
rewritten by Benjamin Loewy, F.R.A.S. With 378 Illustra- 
tions. Post 8vo, 6s. cloth. 
" The perspicuitv of the original has been retained, and chapters which had 
become obsolete, have been replaced by others of more modem character. The 
explanations^ throughout su-e studiously popular, and care has been taken to show 
the application of the various branches of physics to the industrial arts, and to 
the practical business of life." — Mining Journal. t 

THE HANDBOOK of HYDROSTATICS and PNEUMATICS. 
New Edition, Revised and Enlarged by Benjamin Loewy, 
F.R.A.S. With 236 Illustrations. Post 8vo, 5x. cloth. 
" For those ' who desire to attain an accurate knowledee of physical science with* 
out the profound methods of mathematical investigation, this work is not merely in- 
tended, but well adapted." — Chemical News,, 

THE HANDBOOK OF HEAT. Edited and almost entirely 
Rewritten by Benjamin Loewy, F.R.A.S., eta 117 Illustra- 
tions. Post 8vo, 6j. cloth. 
*' The style is always clear and precise, and conveys instruction without leaving 

any cloudiness or lurking doubts behind." — Engineerings 

THE HANDBOOK OF OPTICS. New Edition. Edited by 
T. Olver Harding, B. A. 298 Illustrations. Post 8vo, 5^. cloth. 

" Written by one of the ablest English scientific writers, beautifully and elaborately 
^w^mxt/d^**— Mechanics* Magazine. 

THE HANDBOOK OF ELECTRICITY, MAGNETISM, and 

ACOUSTICS. New Edition. Edited by Geo. Carey Foster, 

B.A., F.C.S. With 400 Illustrations. Post 8vo, 5^. cloth. 

" The book could not have been entrusted to zny one better calculated to preserve 

the terse and lucid style of Lardner. while correcting his errors and brining up his 

work to the present state of scientific knowledge." — Popular Science Review, 

Dr. Lardner s Handbook of Astronomy. 

THE HANDBOOK OF ASTRONOMY. Forming a Com- 
panion to the " Handbooks of Natural Philosophy." By Diony- 
sius Lardner, D.C.L., formerly Professor of Natural Philosophy 
and Astronomy in University College, London. Fourth Edition. 
Revised and Edited by Edwin Dunkin, F.R.S., Royal Observa- 
tory, Greenwich. With 38 Plates and upwards of 100 Woodcuts. 
In I vol., small 8vo, 550 pages, 9^. 6</., cloth. 
" Probably no other book contains the same amount of information in so com- 
pendious and well-arranged a form — certainly none at the price at which this is 
ofiFered to the public." — Atheneeum. 

** We can do no other than pronounce this work a most valuable manual of astro- 
nomy, and we strongly recommend ic to aU who wish to acquire a general— but at 
the same time correct — acquaintance with this sublime science."- Quarterly Journal 
of Science. 

Dr. Lardner' s Handbook of Animal Physics. 

THE HANDBOOK OF ANIMAL PHYSICS. By Dr. 
Lardner. With 520 Illustrations. New edition, small 8vo, 
cloth, 732 pages, *js. 6d. 
** We have no hesitation in cordially recommending \i.'*— Educational Times. 
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Dr. Lardner's School Handbooks. 

NATURAL PHILOSOPHY FOR SCHOOLS. By Dr. Lardnek. 

328 niostrations. Sixth Edition. I toL 3/. 6^ doth. 
*' CoBT^rs, in clear and precise terms* general notions of all die princqial dirisioos 
of Physkal Science." — Bntisk Quarterly Reuiew. 

ANIMAL PHYSIOLOGY FOR SCHOOLS. By Dr. Lardner. 

With 190 lilnstiatioiis. Second Edition, i yoL 3x. 6k/. doth. 
"Clearly written, well anranged, and excellently 'iS!baslaaiXxAJ''—CaritUm£r^ChromicU, 

Dr. Lardfter's Electric Telegraph. 

THE ELECTRIC TELEGRAPH. By Dr. Lardner. New 
Edition. Revised and Re- written, by £. B. Bright, F.R. A. S. 
140 niustrations. Small 8vo, 2x. 6k/. doth. 
" One of the most readable books extant on the Electric Td^;niph.*— £'ji^. Meckamie, 

Electricity. 

A MANUAL of ELECTRICITY ; induding Galvanism, Mag- 
netism, Diamagnetism, Electro-Dynamics, Magneto- Electricity, and 
the Electric Td^raph. By Henry M. Noad, Ph.D., F.C.S. 
Fourth Edition, with 500 Woodcuts. 8vo, i/. 4J. doth. 
** The accounts ^ven of electricity and galvanism are notonly complete in a TWt^c 
sense, but, whidi is a rarer thing, are popular and interesdng." — Lancet. 

Text' Book of Electricity. 

THE STUDENT'S TEXT-BOOK OF ELECTRICITY. By 
Henry M. Noad, Ph.D., F.R.S., F.C.S. New Edition, care- 
fully Revised. With an Introduction and Additional Chapters 
by W. H. Preece, M.I.C.E., Vice-President of the Sodety of 
Tel^raph Engineers, &c With 470 Illustrations. Crown 8vo, 
I2J. 6^. cloth. 
" A reflex of the existing state of Electrical Science adapted for students."— 
W. H. Preece, Esq., vide " Introduction." 

" We can recommend Dr. Noad's book for dear style, great range of subject, a 
good index, and a plethora of woodcuts. Such collections as the present are indis- 
pensable." — A then -runt. 

** An admiraUe text-book for every student— beginner or advanced— of dectridty." 
•^Engifuering: 

" Recommended to students as one of the best text-books on the subject that they 
can have. Mr. Preece appears to have introduced all the newest inventi<nis in the shape 
of telegraphic, tdephonic, and dectric-lighting apparatus." — English Meekanic, 
"The work contains everything that the student can require." — Acadtnty. 
*' One of the best and most useful compendiums of any branch of sdence in our 
literature." — Iron. 

'* Under the editorial hand of Mr. Preece the late Dr. Noad's text-book of dec- 
tridty has grown into an admirable handbook." — IVestminster Review, 

Carriage Buildings &c. 

COACH BUILDING: a Practical Treatise, Historical and 
Descriptive, containing full information of the various Trades and 
Processes involved, with Hints on the proper Keeping of Carriages, 
&c. With 57 Illustrations. By James W. Burgess. i2mo, 3J. 
cloth boards. {Just publishtd. 

Geology and Gejtesis. 

THE TWIN RECORDS OF CREATION ; or. Geology and 
Genesis, their Perfect Harmony and Wonderful Concord. By 
George W. Victor leVaux. Fcap. 8vo, 51. cloth, 

" A valuable contribution to the evidences of revelation, and disposes very conclu- 
sively of the arguments of those who would set God's Works against God's Word. 
No real'difiiculty is shirked, and no s<^istry is left unexposed." — The Rock. 
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Science and Scripture. 

SCIENCE ELUCIDATIVE OF SCRIPTURE, AND NOT 
ANTAGONISTIC TO IT ; being a Series of Essays on— I. 
Alleged Discrepancies; 2. The Theory of the Geologists and 
Figure of the Earth ; 3. The Mosaic Cosmogony ; 4. Miracles in 
general — Views of Hume and Powell ; 5. The Miracle of Joshua — 
Views of Dr. Colenso : The Supematurally Impossible ; 6. The 
Age of the Fixed Stars, &c. By Prof. J. R, Young. Fcap. $s. cL 

Geology, 

A CLASS-BOOK OF GEOLOGY: Consisting of '* Physical 
Geology," which sets forth the Leading Principles of the Science ; 
and "Historical Geology,'* which treats of the Mineral and Organic 
Conditions of the Earth at each successive epoch, especial reference 
being made to the British Series of Rocks. By Ralph Tate. 
With more than 250 Illustrations. Fcap. 8vo, 5^. cloth. 

Practical Philosophy. 

A SYNOPSIS OF PRACTICAL PHILOSOPHY. By Rev. 
John Carr, M.A., late Fellow of Trin. Coll., Camb. i8mo, 5^. cl. 

Mollusca. 

A MANUAL OF THE MOLLUSCA ; bemg a Treatise on 
Recent and Fossil Shells. By Dr. S. P. Woodward, A.L.S. 
With Appendix by Ralph Tate, A.L.S., F.G.S. With numer- 
ous Plates and 300 Woodcuts. 3rd Edition. Cr. 8vo, yj. 6(L doth. 

Clocks y Watches^ and Bells. 

RUDIMENTARY TREATISE on CLOCKS, and WATCHES, 
and BELLS. By Sir Edmund Beckett, Bart, (kte E. B. 
Denison), LL.D., Q.C., F.R.A.S. Sixth edition, revised and en- 
larged. Limp cloth (No. 67, Weale's Series), 41. 6</.; cloth bds. 5j. 6^. 

'* As a popular and practical treatise it is tinapproached." — English Mechanic. 

"The Dest work on the subject probably extant. The treatise on bells is un- 
doubtedly the best in the language. ** — Engineerinz. 

"The only modem treatise on clock-making."— iY(wr/65?«ra/5^<wr««/. 

Grammar of ColoufHng. 

A GRAMMAR OF COLOURING, appUed to Decorative 
Painting and the Arts. By George Field. New edition, en- 
larged. By Ellis A. Davidson, With new Coloured Diagrams 
and Engravings. i2mo, 3^. 6d. cloth. 
" The book is a most useful risumi of the properties of pigments."— il7«fi7<i!m 

Pictures and Painters. 

THE PICTURE AMATEUR'S HANDBOOK AND DIG- 
TIONARY OF PAINTERS : A Guide for Visitors to Picture 
Galleries, and for Art-Students, including methods of Painting, 
Cleaning, Re-Lining, and Restoring, Principal Schools of Painting, 
Copyists and Imitators. By Philippe Daryl, B. A. Cr. 8vo, 3^. 6</. d. 

Woods and Marbles (Imitation of). 

SCHOOL OF PAINTING FOR THE IMITATION OF 
WOODS AND MARBLES, as Taught and Practised by A. R. 
and P. Van der Burg, Directors of the Rotterdam Painting 
Institution. Illustrated with 24 full-size Coloured Plates; also 
12 Plain Plates, comprising 154 Figures. Folio, 2/. 12s, 6d, bound. 
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Delamottis Works on Illumination & Alphabets. 

A PRIMER OF THE ART OF ILLUMINATION ; fiw the 

use of Banners : with a Radimentaiy Treatise on the Ait, Prac- 

tiod Directions for its Exercise, and numerous Examples taken 

from niominated MSS., printed in Gold and Colonrs. By F. Deia- 

MOTTB. Small 4to, 9^. El^;antly bound, cloth antique. 

'* Tbe examples of ancient MSS. recommended to the student, which, with much 
^ood sense, the author chooses from collections accessible to all, are selected wuh 
judgment and knowledge, as well as taste." — AtMetueum. 

ORNAMENTAL ALPHABETS, ANCIENT and MEDIiEVAL ; 

firom the Eighth Century, with Numerals ; including Gothic, 

Church-Text, German, Italian, Arabesque, Initials, Monograms, 

Crosses, &c. Collected and engraved by F. Delamotte, and 

printed in Colours. New and Cheaper Edition. Royal 8vo, 

oblong, 2J. 6d, ornamental boards. 

" For those who insert enamelled sentences round ^ded chalices, vrho Uazon diop 
legends over shop-doors, who letter church walls with |nthy sentences firom the 
Decalogue, this book will be useful. "—^ Hun^ntm, 

EXAMPLES OF MODERN ALPHABETS, PLAIN and ORNA- 
MEINTAL ; including German, Old Elnglish, Saxon, Italic, Per- 
spective, Greek, Hebrew, Court Hand, Engrossing, Tuscan, 
Riband, Gothic, Rustic, and Arabesque, &c., &c Collected and 
engraved by F. Delamotte, and printed in Colours. New and 
Cheaper Edition. Royal 8vo, oblong, 2s. (id, ornamental boards. 

*' There is comprised in it every possible shape into which the letters of the alphabet 
and numerals can be formed." — Standard. 

MEDIiEVAL ALPHABETS AND INITIALS FOR ILLUMI- 
NATORS. By F. Delamotte. Contaming 21 Plates, and 
Illuminated Title, printed in Gold and Colours. With an Intro- 
duction by J. Willis Brooks. Small 4to, 6r. doth gilt. 

THE EMBROIDERER'S BOOK OF DESIGN ; contaniing Initials, 
Emblems, Cyphers, Monograms, Ornamental Borders, Ecclesias- 
tical Devices, Mediaeval and Modem Alphabets, and National 
Emblems. Collected and engraved by F. Delamotte, and 
printed in Colours. Oblong xo^ Svo, i J. 6</. in ornamental boards. 

Wood- Carving. 

INSTRUCTIONS far WOOD-CARVING, for Amateurs; with 
Hints on Design. By A Lady. In emblematic wrapper, hand- 
somely printed, with Ten large Plates, 2J. (mL 

*' The handicraft of the wood-canrer, so well as a book can impart it, may be learnt 
from ' A Lady's ' publication." — AtfuiueutH, 

Popular Work on Painting. 

PAINTING POPULARLY EXPLAINED; with Historical 
Sketches of the Progress of the Art By Thomas John Gullick, 
Painter, and John Timbs, F.S.A. Fourth Edition, revised and 
enlarged. With Frontispiece and Vignette. In small 8vo, ts. cloth. 
%* This Work has been adopted as a Prize-book in the Schools of 
Art at South Kensington. 
" Contains a large amount of original matter, agreeably conveyed.* — Builder, 
'* Much may be learned, even by those who fancy they do not require to be taught, 
from the careful perusal of this unpretending but comprdienstve treatise. *— v4 ri ycunuti. 
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AGRICULTURE, GARDENING, ETC. 
Yauatt and Burris Complete Grazier. 

THE COMPLETE GRAZIER, and FARMER'S and CATTLE- 
BREEDER'S ASSISTANT. A Compendium of Husbandry. 
By William Youatt, Esq., V.S. 12th Edition, very con- 
siderably enlarged, and brought up to the present requirements of 
agricultural practice. By Robert Scott Burn. One large 8vo. 
volume, 860 pp. with 244 Illustrations. l/. is. half-bound. 
" The stan^d and text-book, with the farmer and gn.ncr.'*^Famur*s Maganne. 
** A treatise which will remain a standard work on the subject as long as British 
a^culture endures."— Af ark Lane Express. 

History^ Structure^ and Diseases of Sheep. 

SHEEP ; THE HISTORY, STRUCTURE, ECONOMY, 
AND DISEASES OF. By W. C. Spooner, M.R.V.C, &c. 
Fourth Edition, with fine engravings, including specimens of New 
and Improved Breeds. 366 pp., 4J. cloth. 

Productio7i of Meat. 

MEAT PRODUCTION. A Manual for Producers, Distributors, 
and Consumers of Butchers' Meat. Being a treatise on means of 
increasing its Home Production. Also comprehensively treating 
of the Breeding, Rearing, Fattening, and Slaughtering of Meat- 
yielding Live Stock ; Indications of the Quality ; Means for Pre- 
serving, Curing, and Cooking of the Meat, etc. By John Ewart. 
Numerous Illustrations. Cr. 8vo, 5x. cloth. 
** A compact and handy volume on the meat question, which deserves serious and 
thoughtful consideration at the present time." — meat and Provision TrxuUi Review, 

Donaldson and Burns Suburban Farming. 

SUBURBAN FARMING. A Treatise on the Laying Out and 
Cultivation of Farms adapted to the produce of Milk, Butter and 
Cheese, Eggs, Poultry, and Pigs. By the late Professor John 
Donaldson. With considerable Additions, Illustrating the more 
Modem Practice, by R. Scott Burn. With Illustrations. Second 
Edition. i2mo, 4J-. cloth boards. . 

Modern Farming. 

OUTLINES OF MODERN FARMING. By R. Scott Burn. 
Soils, Manures, and Crops — Farming and Farming Economy — 
Cattle, Sheep, and Horses — Management of the Dairy, Pigs, and 
Poultry — Utilisation of Town Sewage, Irrigation, &c. New Edition. 
In I vol. 1250 pp., half-bound, profusely illustrated, I2J. 
" There is sufficient stated within the limits of this treatise to prevent a fimner 
from going far wrong in any of his operations." — Observer, 

Amateur Farming. 

THE LESSONS of MY FARM : a Book for Amateur Agricul- 
turists, being an Introduction to Farm Practice, in the Culture of 
Crops, the Feeding of Cattle, Management of the Dairy, Poultry, 
Pigs, &c. By R. Scott Burn. With numerous Illus. Fcp. 6j. c). 
"A complete introduction to the whole round of farming practice." — John Bull. 
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The Management of Estates, 

LANDED ESTATES MANAGEMENT: Treating of the 
Varieties of Lands, Methods of Farming, the Setting-out of Farms, 
Construction of Roads and Farm Buildings, of Waste or Un- 
productive Lands, Irrigation, Drainage, &c. By R. ScoTT BuRK. 
Second Edition. i2mo, y. cloth. 
*' A complete and coroprdiensive outline of the duties appertaining to the manage- 
ment of landed estates." — Journal qf Forestry. 

The Management of Farms. 

OUTLINES OF FARM MANAGEMENT, and the Organiza- 
tion of Farm Labour. Treating of the General Work of the Farm, 
Field, and Live Stock, Details of Contract Work, Specialties of 
Labour, Economical Management of the Farmhouse and Cottage, 
Domestic Animals, &c. By Robert Scott Burn, i2mo, 3J. 

Management of Estates and Farms. 

LANDED ESTATES AND FARM MANAGEMENT. By 
R. Scott Burn, Author of "Outlines of Modem Farming,'* 
Editor of "The Complete Grazier," &c. With Illustrations. 
Consisting of the above Two Works in One vol., 6j. half-bound. 

English Agriculture. 

THE FIELDS OF GREAT BRITAIN. A Text-book of 
Agriculture, adapted to the Syllabus of the Science and Art 
Department. For Elementary and Advanced Students. By 
Hugh Clements (Board of Trade). With an Introduction by 
H. Kains- Jackson. i8mo, 2j. 6^. cloth. VJiist published. 

' * ' A clearly written description of the ondinary routine of English ULrm-Iife." — Land. 
"A carefully written text-book of Agriculture." — Athenetttm. 
"A most comprehensive volume, giving a mass of information,'* — Agricultural 

Kitchen Gardening. lEconomist. 

KITCHEN GARDENING MADE EASY. Showing how to 
prepare and lay out the ground, the best means of cultivating every 
known Vegetable and Herb, etc By George M. F. Glenny. 
i2mo, 2s. cloth boards. 

Culture of Fruit Trees. 

FRUIT TREES, the Scientific and Profitable Culture of. From 
the French of Du Breuil, revised by Geo. Glenny. i2mo, 4f. 

Good Gardening. 

A PLAIN GUIDE TO GOOD GARDENING ; or, How to 
Grow Vegetables, Fruits, and Flowers. With Practical Notes on 
Soils, Manures, Seeds, Planting, Laying-out of Gardens and 
Grounds, &c. By S. Wood. Third Edition. Cr. 8vo, Jj. doth. 
*' A very good book, and one to be highly recommended as a practical guide. 
The practicsS directions are fxctMtnt,**-^Ath€naum. 

Gainful Gardening. 

MULTUM-IN-PARVO GARDENING; or, How to make One 
Acre of Land produce ;^620 a year, by the Cultivation of Fruits 
and Vegetables ; also. How to Grow Flowers in Three Glass 
Houses, so as to realise £l^^ per aimum clear Profit. By Samuel 
Wood. 3rd Edition, revised. Cr. 8vo, 2s. cloth. 
" We are bound to recommend it as not only suited to the case of the amateur and 
gentleman's gardener, but to the market grower." — Gardenet^s Magatifu. 
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Gardening for Ladies, 

THE LADIES' MULTUM-IN-PARVO FLOWER GARDEN, 
and Amateur's Complete Guide. By Samuel Wood. Author 
of **Good Gardening," &c. With Illustrations. Crown 8vo, 
3^. (>d. cloth. \yu5t published. 

Bulb Culture, 

THE BULB GARDEN, or, How to Cultivate Bulbous and 
Tuberous-rooted Flowering Plants to Perfection. A Manual 
adapted for both the Professional and Amateur Gardener. By 
Samuel Wood, Author of "Good Gardening," etc. With 
Coloured Illustrations and Wood Engravings. Cr. 8vo, 3J. dd, cloth. 

Tree Planting, 

THE TREE PLANTER AND PLANT PROPAGATOR: 
Being a Practical Manual on the Propagation of Forest Trees, 
Fruit Trees, Flowering Shrubs, Flowering Plants, Pot Herbs, &c. 
Numerous Illustrations. By Samuel Wood. i2mo, 2x. dd, cloth. 

Tree Pruning, 

THE TREE PRUNER: Being a Practical Manual on the 
Pruning of Fruit Trees. Including also their Training and Renova- 
tion, also treating of the Pruning of Shrubs, Climbers, and Flower- 
ing Plants. By Samuel Wood. i2mo, 2s, 6d. cloth. 

Tree Plantings Pruning, & Plant Propagation. 

THE TREE PLANTER, PROPAGATOR, AND PRUNER. 
By Samuel Wood, Author of " Good Gardening," &c. Consisting 
of the above Two Works in One Vol., ^s, half-bound. 

Potato Culture. 

POTATOES, HOW TO GROW AND SHOW THEM: A 
Practical Guide to the Cultivation and General Treatment of the 
Potato. By James Pink. With Illustrations. Cr. 8vo, 2J. cl. 

Hudson s Tables for Land Valuers. 

THE LAND VALUER'S BEST ASSISTANT: being Tables, 
on a very much improved Plan, for Calculating the Value of 
Estates. With Tables for reducing Scotch, Irish, and Provincial 
Customary Acres to Statute Measure, &c. By R. Hudson, C. E. 
New Edition, roysd 32mo, leather, gilt edges, elastic band, 4X. 

Ewart's Land Improver^ s Pocket-Book. 

THE LAND IMPROVER'S POCKET-BOOK OF FOR- 
MULiE, TABLES, and MEMORANDA, requured in any Com- 
putation relating to the Permanent Improvement of Landed Pro- 
perty. By John Ewart, Land Surveyor and Agricultural Engineer. 
Royal 32mo, oblong, leather, gilt edges, with elastic band, 4;. 

Complete Agricultural Surveyor's Pocket^Book. 

THE LAND VALUER'S AND LAND IMPROVER'S COM- 
PLETE POCKET-BOOK ; consisting of the above two works 
bound together, leather, gilt edges, with strap, *J5, 6d, 



*' We consider Hudson's book to be the best ready-reckoner on matters relatinfi: to 
the valuation of land and crops we have ever seen, and its combination with Mr. 
Ewart 's work ereatly enhances the value and usefulness of the latter-mentioned .. 
It is most useful as a manual for x^itx^TiQt,^''-Northo/ England Famur, 



32 WORKS PUBLISHED BY CROSBY LOCKWOOD & CO. 

* A Complete Epitome of the Laws of this Country.* 

EVERY MAN'S OWN LAWYER; a Handy-Book of the Prin- 
ciples of Law and Equity. By A Barrister. New Edition, 
much enlarged. Corrected to the end of last Session. With 
Notes and References to the Authorities. Crown 8vo, clothe 
price, 6j. %d. (saved at every consultation). 

COMPRISING THE RIGHTS AND WRONGS OF INDIVIDUALS, 
MERCANTILE AND COMMERCIAL LAW, CRIMINAL LAW, PARISH LAW,. 
COUNTY COURT LAW, GAME AND FISHERY LAWS, POOR MEN's 

LAW, THE LAWS OF 



Bankruptcy — Bills of Exchangb — 
Contracts and Agrbbmbnts — Copy- 
right— Dowbr AND DivoRCB — Elec- 
tions AND Registration — Insurance 
—Libel and Slander — Mortgages— 



Settlements— Stock Exchange Prac- 
tice—Trade Marks and Patents — 
Trespass, Nuisancecs, etc — ^Transfer 
OF Land, etc. — Warranty — Wills 
AND Agreements, etc. 

Also Law for Landlord and Tenant — ; — Friendly Societies — Clergymen, Church- 
Master and Servant — Workmen and Ap- wardens — Medical Practitioners, &c. — 

Bankers — Farmers — Contractors — Stock 



prentices — Heirs, Devisees^ and Lega- 
tees — Husband and Wife — Executors 



and Share Brokers — Sportsmen and Game- 
keepers — Farriers and Horse-Dealers^ 
Auctioneers, House-Agents — Innkeepers, 
&c. — Pawnbrokers — Siurveyors — Kail- 
ways and Carriers, &c., &c. 



and Trustees — Guardian and Ward — 
Married Women and Infants — Partners 
and Agents — Lender and Borrower — 
Debtor and Creditor — Purchasor and 
Vendw — Companies and Associations 

** No Englishman ought to be without this book." — Engineer. 

*' What it professes to be — a complete epitome of Uie laws of this country, thoroujghly 
intelligible to non-professional readers. The book is a handy one to have in readiness- 
when some knotty point requires ready solution." — BelVs Life. 

" A useful and concise epitome of the law." — Law Magazine, 

Auctioneer's Assistant. 

THE APPRAISER, AUCTIONEER, BROKER, HOUSE 
AND ESTATE AGENT, AND VALUER'S POCKET AS- 
SISTANT, for the Valuation for Purchase, Sale, or Renewal of 
Leases, Annuities, and Reversions, and of property generally; 
with Prices for Inventories, &c. By John Wheeler, Valuer, &c 
Fourth Edition, enlai^ed, by C. NoRRis. Royal 32mo, cloth, 51, 
'* A concise book of reference, containing a clearly* arranged list of prices for 
inventories, a practical guide to determine the value ot ftuniture, &.c.**Stewdard, 

A uctioneering, 

AUCTIONEERS : THEIR DUTIES AND LIABILITIES. 
By Robert Squibbs, Auctioneer. Demy 8vo, lor, 6d. cloth. 

House Property. 

HANDBOOK OF HOUSE PROPERTY : a Popular and Prac- 
tical Guide to the Purchase, Mortgage, Tenancy, and Compulsory 
Sale of Houses and Land ; including the Law of Dilapidations and 
Fixtures, &c. By E. L. Tarbuck. 2nd Edit. i2mo, 3J. dd, cloth. 

"We are glad to be able to recommend it.'*— Builder. 

" The advice is thoroughly practical."— Zaw JcumoL 

Metropolitan Rating. 

METROPOLITAN RATING : a Summary of the Appeal* 
heard before the Court of General Assessment Sessions at West* 
minster, in the years 1871-80 inclusive. Containing a large mass- 
of very valuable information with respect to the Rating of Rail* 
ways, Gas and Waterworks, Tramways, Wharves, Public Houses, 
&c. By Edward and A. L. Ryde. 8vo, 12s. 6d. \Jusi published. 

Bradlktiry , A^ne'w , 4l Co., rrinten^ Wtuteflriats, Litidon. 
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THE PRIZE MEDAL 

Was anaided to the Fnblisheii for 

BoDkf : Bndimentarr, Soientiflo, 
"WEALFS SERIES," ETC. 

A NEW LIST OF 

WEALE'S SERIES 

RUDIMENTARY SCIENTIFIC, EDUCATIONAL, 
AND CLASSICAL. 

Cemfriiing tuitTly ThniHwndrra 






. almost every branch of 
grioultuTB, Architecture 
and Building, Civil' Engineering, Fine Arts, Mechanics and Mecbimical 
Engineering, Physical and Chemical Science, and many n 
Treatises. The whole are constantly undergoing revision, and ; 
brought up to the latest discoveries in scientific research, ore constantly 

issued. The prices at which they are sold are 33 low as t' ' ' ■" " 

assured.'*. — Ametican Literary Gaiiltc. 

" Amongst the literature of technical education, Weale's SeeiES has ever 
enjoyed a high reputation, and the additions being made by Messrs. Crosby 
LOCKWOOD & Co. render the series even more complete, and bring the infor- 
mation upon the several subjects down to the present time." — Minins 

" It is impossible to do otherwise than bear testimony to the value of 
Weale's Series."— Enginttr. 

" Everybody— even that outrageous nuisance 'Every Schoolboy' — knows 
the merits of ' Weale's Rudimentary Series.' Any persons wishing to 
acquire knowledge cannot do better than look through Weale's Series and 
get all the boolis they require. The Series is indeed an inexhaustible mine 
of literary wealth."— Tft« Mttropolitatt. 

" WEALE'S SERIES has become a standard as well as an unrivalled 
collection of treatises in all branches o( art and science." — Public Opinion. 
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"WEALE'S SEKieS." 
^OSBY LOCKWOOD & CO, 

7, stationers' hall court, LUDGATE hill, LONDON, E. 




weale's kxtdimentaky series. 



WEALE'S TlTTDJXESTARY SCIEHIIFIC SERIES. 




*«* The volumes of this Series are freely Illastrated ^A 
Woodcnts, or otherwise, where requisite. Tnroughout the fiol- 
lowing List it must be understood that the books are bound in 
limp cloth, unless otherwise stated ; dui ike volumes marked 
•aoHh a % may also bt had strongly bound in cloth hoards for ^, 
extra, 

N.B. — In 'ordering from this List it is recommended, as a 
means of facilitating business and obviating error, to quote the 
numbers affixed to the vdumes, as well as the titles and prices. 



No ARCHITECTURE, BUILDING, ETC. 

i6.' ARCHITECTURE— ORDERS— The Ordere and their ^Esthetic 
Principles. By W. H. Leeds. Illustrated, is. 6d. 

17. ARCHITECTURE—STYLES— Tht History and Description of 

the Styles of Architecture of Various Countries, from the Earliest to the 
Present Period. By T. Talbot Burt, F.R.I.B.Am &c- lUustiated. ss. 
*«* Orders and Styles op Architecture, in One Vol^ 3^ . 6d, 

18. ARCHITECTURE— DESIGN— The Principles of Design in 

Architecture, as deducible from Nature and exemplified in the Works of the 
Greek and Gothic Architects. By E.L.Garbett, Architect. Illustrated. as.6d. 

%* The three preceding Works, in One handsome Vol., half bound, entiiled 

" Modern Architecture," price 6s. 

22. THE ART OF BUILDING, Rudiments of. General Principles 

of Construction, Materials used in Building, Strength and Use of Materials, 
Working Drawings, Specifications, and Estimates. By £. Dobson, 2s4 

23. BRICKS AND TILES, Rudimenteiy Treatise on the Manufac- 

ture of; containing an Outline of the Principles of Brickmaking. By Edw. 
Dobson, M.R.I.B. A. With Additions by C Tomunson, F.R.S. Illustrated, 3s.t 

25. MASONRY AND STONECUTTING, Rudimentary Treatise 
on ; in which the Principles of Masonic Projection and their »pi>Iicatioa to 
the Construction of Curved Wing- Walls, Domes, Oblioue Bridges, and 
Roman and Gothic Vaulting, are concisely explain^. By Edward Dobson, 
M.R.I.B.A., &c. Illustrated with Plates and Diagrams. 2s. 6d.t 

44. FOUNDATIONS AND CONCRETE WORKS, ^BjidimenUiy 

Treatise on ; containing a Synopsis of the principal cases of Foundation 
Works, with the usual Modes of Treatment, and Practical Remarks on 
Footings, Planking, Sand, Concrete, B£ton, Pile-drivingp Caissons, and 
Cofferdams. By £. Dobson, M.R.I.B.A., &c. Fourth Ecution, revised by 
George Dodd, C.E. Illustrated, is. 6d. 

42. COTTAGE BUILDING, By C. Bruce Allen, Architect 

Ninth Edition, revised and enlarged. Numerous Illustration;, is. 6d. 

45. LIMES, CEMENTS, MORTARS, CONCRETES, MASTICS, 

PLASTERING, 8cc. By G. R. Burnell, C.E. Eleventh Edition, xs. 6d. 

57. WARMING AND VENTILATION, a Rudimentary Treatise 
on ; being a concise Exposition of the General Principles of the Art of Warm- 
ing and ventilating Domestic and Public Buildings, Mines, Lighthouses, 
Ships, &c. By Charles Tomlinson, F.R.S., &c. Illustrated. 3s. 

83*». CONSTRUCTION OF DOOR LOCKS. Compiled from the 
Papers of A. C. Hobbs^ Esq., of New York, and Edited by Charles Tom- 
unson. F.R.S. To which is added, a Description of Fenby's Patent Lodts, 
and a Mote upon Iron Safes by Robert Mallet, M.I.CE. Illus. as. 6d. 

III. ARCHES, PIERS, BUTTRESSES, &*c,: Experimental Essays 

on the Prindples of Construction in ; made with a view to di^ b^ng^ omkriI 
to the Practical Builder. By William Bland. Illustrated, is. 6d. 

The t indicates that these vols, may be had strongly bound at 6d. extra. 
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Architecture, Building, etc., continued, 
ii6. THE ACOUSTICS OF PUBLIC BUILDINGS; or, The 

Principles of the Science of Sound applied to the purposes of the'Architect and 
Builder. By T. Roger Smith, M.R.I.B.A., Architect. Illustrated, is. 6d. 

124. CONSTRUCTION OF ROOFS, Treatise on the, as re^tfds 
Carpentry and Joinery. Deduced from the Works of Robison, Price, and 
Tredgold. Illustrated, is. 6d. 

127. ARCHITECTURAL MODELLING IN PAPER, the Art of. 

By T. A. Richardson, Architect. Illustrated, is. 6d. 

128. VITRUVIUS—THE ARCHITECTURE OF MARCUS 

VITRUVIUS PC LLC, In Ten Books. Translated from the Latin by 
Joseph Gwilt, F.S.A., F.R.A.S. With 23 Plates. 5s. 

130. GRECIAN ARCHITECTURE, An Inquiry into the Principles 
of Beauty in ; with an Historical View of the Rise and Progress of the Art in 
Greece. By the Earl of Aberdeen, is. 
•«• The two preceding Works in One hatidsome Vol,y half boundy entitled "Ancient 

Architecture," price 6s. 
16, 17, 18, 128, aftd 130, in One Vol., entitled " Ancient and Modern Architbc- 

ture," /lalf ioundf 12s. 

132. DWELLING-HOUSES, a Rudimentary Treatise on the Erection 
of.^ Illustrated by a Perspective View, Plans^ Elevations, and Sections of a 
pair of Semi-detached Villas, with the Specification, Quantities, and Esti- 
mates, and every requisite detail, in sequence, for their Construction and 
Finishing. By S. H. Brooks, Architect. New Edition, with Plates. 2s. 6d.t 

1 56. QUANTITIES AND MEASUREMENTS, How to Calculate and 
Take them in Bricklayers', Masons', Plasterers', Plumbers', Painters', Paper- 
hangers', Gilders', Smiths', Carpenters', and Joiners' Work. By A. C. 
Beaton, Architect and Surveyor. New and Enlarged Edition. Illus. is. 6d. 

175. LOCKWOOD 6* CO:S BUILDER'S AND CONTRACTOR'S 
PRICE BOOK, for 1881. containing the latest Prices of all kinds of Builders' 
Materials and Labour, and of all 1 rades connected with Building : Lists of 
the Members of the Metropolitan Board of Works, of Districts, District 
Officers, and District Surveyors, and the Metropolitan Bye-laws. Edited by 
Francis T. W. Miller, Architect and Surveyor. 3s. 6d. ; half bound, 4s. 

182. CARPENTRY AND WINERY-^T^K Elementary Prin- 
ciples OP Carpentry. Chiefly composed firom the Standard Woiic of 
Thomas Tredgold, C.E. With Additions from the Works of the most 
Recent Authorities, and a TREATISE ON JOINERY by E. Wyndham 
Tarn, M.A. Numerous Illustrations. 3s. 6d.X 

182*. CARPENTRY AND JOINERY. ATLAS of 35 Plates to 
accompany the foregoing book. With Descriptive Letterpress. 4to. 6s. 
cloth boards, 7s. 6d. 

187. HINTS TO YOUNG ARCHITECTS. By George Wioht- 

wiCK. New, Revised, and enlarged Edition. By G. Huskisson GuiLLAum, 
Architect. With numerous Woodcuts. 3s. 6d4 

188. HOUSE PAINTING, GRAINING, MARBLING, AND SIGN 

WRITING : A Practical Manual of, containing full information on the 
Processes of House-Painting, the Formation of Letters and Practice of 
Sign- Writing, the Principles of Decorative Art. a Course of Elementary 
Drawing for House-Painters, Writers, &c., &c. With 9^ Coloured Plates of 
Woods and Marbles, and nearly 150 Wood Engravings. By Ellis A. 
Davidson. Third Edition, caretully revised. 5s. clotin limp ; 6s. cloth 
boards. 

189. THE RUDIMENTS OF PRACTICAL BRICKLAYING. 

In Six Sections : General Principles ; Arch Drawinr, Cutting, and Setting : 
Pointing; Paving, Tiling, Materials; Slating and Plastering; Practical 
Geometry, Mensuration, &c. By Adam Hammond. Illustrated zs. 6d. 

191. PLUMBING. A Text-Book to the Practice of the Art or Craft of 
the Plumber. With Chapters upon House Drainage, embodying die latest 
Improvements. Second Edition^ enlarged. Containing 300 lUostrations. 
By W. P. BucHAN, Sanitary Engineer. 3s. (A.X 

^^ The t indicates that these vols, may be had strongly bound at 6d. extra. 
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Architactorev BqildJiife etc^ cmoimm^d, 
19Z. THE TIMBER IMPORTER'S^ TIMBER MERCHANT'S^ 
amd BUILDER'S STANDARD GUIDE ; c om m'aia ^ copioM aad vala. 
ab!e Ifeaoraada for tfce Retailer aad Bvlder. Bj- gir»A—i £. Gkaxot. 
Srrtmd EA^om^ Rrriwd. ts4 

205. TK^ ^ier OF LETTER PAISTISG MADE EASY. By 

J.G.JiADgmocn. IIHwtrated with « ftdl-pagr E «^ia»Lm of E ammJ c s . is. 

206, ^ BOOJC OAT BU/LD/XG, Cml and EcdenasHad^ indnding 

Cmnt/cii RcsTOBJiTiOK. Illdi tW Theory of Doses aad the Great IHraaid, 
lie. BrSir£iwi'VDBBCXJrrT,Bart^LJLJ>^QX^FJLJL^ Sccx»d£ditioa, 

CIVIL ENGINEERING, ETC. 

219. CIVIL ENGINEERING. By HzyEY Law, M.Inst C.E. 
InclodtM a Inal&xt oa Htdkacuc ExciarEnuxc bj Gbou R. Buumx, 
M«lAst.C.E. S«xd^ Editioo, Ttrna»^ with Lascs AoDiTiaics oa RccKirr 
PftiiCTice ly CrviL EvcnnzusKC, hj D. Kixxcak CuutK, MJ[]ist. C.E., 
Aotborof'Tramwajs: Their Constnict>o«,'*ix. 6k. 6d^ Cloth boards, 7s. 6d. 

»9. 7»^ DRAINAGE OP DISTRICTS AND LANDS. By G. 
DarsDAUc Dncpser, C JS, f A>xr EdUum *m fre^arutton. 

30. ZiKB DRAINAGE OF TOWNS AND BUILDINGS. By 
G, Dktsdals Dcmpset, C.E. [AVv EdiHom in freparaium, 

}i. WELL-DIGGING, BORING, AND PUMP^WORK. By John 
GsoKCKSfnirDnx,A.R.LB.A. NewEdJtkm,b7G.R.BinunLL,C^ is.6d. 

35. THE BLASTING AND QUARRYING OP STONE, for 
Boildiai^ and odier Purposes. With Remarks on tiie Blowing np of Bridges. 
By Gen. Sir Jouif Bvwaamai, Bart., K.C.B. Dlnstrated. is. 6d. 

6a. RAILWAY CONSTRUCTION, Elcmentaiy and Practical In- 
stmctioos on tiie Science oC Br Sir M. Stephkksov, C.E. New Edition, 
by Edwaxd NuGurr, C.E. With Statistics of the Capital, Dividends, and 
Working of Railwajs in the United Kingdom. By £. D. Chattaway. 4s. 

«<>•. EMBANKING LANDS FROM THE SEA, the Practice of. 
Treated as a Means of Profitable Employment for Camtal. With Examples 
and Particulars of actual EmbanJonents, 8cc. By J. Wiggins, F.G.S. 2s. 
%l. WATER WORKS, for the Suppljof Cities and Towns. With 
a Description of the Principal Geoloeical Formations of England as in- 
fluencing Stmplies of Water ; and Details of Enspnes and Pumping Machinery 
for raising Water. By Samuel Hughes, F.G.S., C.E. New Edition. 4s.t 

117. SUBTERRANEOUS SURVEYING, an Elementary and Prac- 

tical Treatise on. By Thomas Fenwick. Also the Method of Conducting 
Subterraneous Surveys without the Use of the Magnetic Needle, and other 
Modem Improvements. By Thomas Baker, C.E. Illustrated. 2s. 6d4 

118. CIVIL ENGINEERING IN NORTH AMERICA, a Sketch 

of. By David Stevenson, F.R.S.E., &c. Plates and Diagrams. 3s. 

197. ROADS AND STREETS [THE CONSTRUCTION OF), 
in two Parts : I. The Art of Constructing Conxion Roads, by Henry 
Law, C.E., rerised and condensed by D. Kinnear Clark, C.E. ; 11. Recent 
Practice, including pavements of^ Stone, Wood, and Asphalte. Second 
Edition, revised, by D. K. Clark, M.I.C.E. 4s. 6d4 

203. SANITARY WORK IN THE SMALLER TOWNS AND IN 
VILLAGES. Comprising: — i. Some of the more Common Forms oi 
Nuisance and their Kemeaies ; 2. Drainage ; 3. Water Supply. A useful 
book for Members of Local Boards and Rural Sanitary Authorities, Health 
Officers, Engineers, Surveyors, &c. By Chakles Slagg, A.I.C.E. 2s, 6d.i . 

212. THE CONSTRUCTION OF GAS-WORKS, and the Manu- 

facture and Distribution of Coal Gas. Originally written by Samuel 
Hughes, C.E. Sixth Edition, re-written and much Enlarged by William 
Richards. C.E. With 72 Illustrations. 4s. 6d.t \.yusi published. 

213. PIONEER ENGINEERING, A Treatise on the Engineering 

Operations connected with the Settlement of Waste Lands in New Coun- 
tries. By Edward Dobson, Assoc. Inst. C.E. 4s. 6d.t 

The X indicates thai these vols, may be had strongly bound at 6d. extra, 
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MECHANICAL ENGINEERING, ETC. 

33. CRANESj the Construction of, and other Machinery for Raising 

Heavy Bodies for the Erection of Buildings, and for Hoisting Goods. By 
JosBPH Glynn, F.R.S., &c. Illustrated, is. 6d. 

34. THE STEAM ENGINE, a Rudimentaiy Treatise on. By Dr. 

Lardnbr. Illustrated, is. 6d. 
59. STEAM BOILERS : their Construction and Management. By 

R. Armstrong, C.E. Illustrated, is. 6d. 
67. CLOCKS, WATCHES, AND BELLS, a Rudunentaiy Treatise 

on. By Sir Edmund Beckett (late Edmund Bbckbtt Dbnison), LL.D., Q.C. 

A New, Revised, and considerably Enlarged Edition (the 6tli), with very 

numerous Illustrations, as. 6d. cloth limp : 5s. 6d. cloth boards, gilt. 
82. THE POWER OF WATER, as appUed to drive Flour Mills, 

and to give motion to Turbines and other Hydrostatic Engines. By Joseph 

Glynn, F.R.S^ &c. New Edition, Illustrated. 2s4 
98. PRACTICAL MECHANISM, the Elements of; and Machme 

Tools. By T. Baker, C.E. With Remarks on Tools and Machinery, by 

J. Nasmyth, C.E. Plates. 2s. 6d.t 
114. MACHINERY, Elementary Principles of, in its Construction and 

Working. By C. D. Abel, C.E. is. 6d. 
139. THE STEAM ENGINE, a Treatise on the Mathematical Thcoiy 

of, with Rules and Examples for Practical Men. By T. Baker, C.£. is. 6d. 
162. THE BRASS FOUNDER'S MANUAL; Instructions for 

Modelling, Pattern-Making, Moulding, Turning, Filing, Burnishing, 

Bronzing, &c. With copious Receipts, &c. By Walter Graham. 2S.% 

164. MODERN WORKSHOP PRACTICE, as applied to Marine, 

Land, and Locomotive Engines, Floating Docks, Dredeing Machines, 
Bridges, Cranes, Ship-building, 8cc., 8tc. By T.G. Winton. Illustrated. 3s.* 

165. IRON AND HEAT, exhibitmg the rrinciples concerned in the 

Construction of Iron Beams, Pillars, and Bridge Girders, and the Action of 
Heat in the SmeltingJB'umace. By J. Armour, C.E. 2s. 6d..X 

166. POWER IN MOTION: Horse-Power, Toothed-Wheel Gearing, 

Long and Short Driving Bands, and Angular Forces. By J. Armour, 2S.6d.i 

167. IRON BRIDGES, GIRDERS, ROOFS, AND OTHER 

WORKS. By Francis Campin, C.E. 2s. 6d.t 
171. THE WORKMAN'S MANUAL OF ENGINEERING 

DRAWING. By John Maxton, Engineer. Fourth Edition. Illustrated 

with 7 Plates and nearly 350 Woodcuts. 3s. 6d.t 
190. STEAM AND THE STEAM ENGINE, Stationaiy and 

Portable. Being an extension of Mr. John SewelPs '* Treatise on Steam.'* 

By D. IC Clark, M.I.C.E. Second Edition, revised. 3s. 6d.t 

2CX). FUEL, its Combustion and Economy. By C. W. Williams, 

A.I .C.E. With extensive additions on Recent Practice in the Combustion 
and Economy of Fuel— Coal, Coke, Wood, Peat, Petroleum, &c.— by D. K. 
Clark, M.I.C.E. 2nd Edition. 3s.6d.t 
202. LOCOMOTIVE ENGINES. By G. D. Dempsey, C.E. ; with 
large additions treating of the Modem Locomotive, by D. Kinnbar Clark, 
M.I.C.E. 3s.t 

211. THE BOILERMAKER'S ASSISTANT in Drawmg, Tem- 

plating, and Calculating Boiler and Tank Work. By John Courtnby, 
Practical Boiler Maker. Edited by D. K. Clark, C.E. 100 Illustrations. 2s. 

216. MATERIALS AND CONSTRUCTION; A Theoretical and 

Practical Treatise on the Strains, Designing, and Erection of Works of Con- 
struction. By Francis Campin, C.E. 3s.t {^usi published. 

217. SEWING MACHINERY, being a Practical Manual of the 

Sewing Machine ; comprising its History and Details of its Construction, 
with full Technical Directions for the Adjusting of Sewing Machines. By 
J. W. Urquhart, C.E. 2S.t iJust published. 
223. MECHANICAL ENGINEERING, A Practical Treatise on. 
Comprising Metallurgy, Moulding, Casting, Forging. Tools, Workshop 
Machinery, Mechanical Manipulation, Manufacture of the Steam Engine, 
&c. By Francis Campin, C.E. 2s. 6d.t [Jusi published. 

The % indicates thai these vols, may be had strongly b ound at 6d. extra. 
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SHIPBUILDING, NAVIGATIOH, MARINE 

ENGINEERING, ETC. 

51. NAVAL ARCHITECTURE^ tbe Rodimoits of; or an Ezpod- 
tio of th« EW»r«rinr Praciples of th« Soeace, a»d their PttctJcal .^jJi- 
catieo to Naval CoostrvctUm. Co^Oed for the Uae of Bcciasen. Bj 

*UfXS PSAKB, School of Xaval ArckitectBr^ H.lf, Dockyard, PloKtsaoBlli. 
owik Editjoa, coirerted. widi Plates aad D ij£ij w « . js. 6d4 
S3«. -SJy/RS /(9^ OCEAN AND RIVER SERVICE, Efementaiy 
aad Pnctical Pnacrplcs of tbe CoostractioB 6L Bj Hakox A. Sommsk- 
rsivr. S or re jo r of tbe Reral NonpesiaB Kanry. Witt aa Appeafix. zs.6d. 
53««. AN ATLAS OF ENGRA VINGS to mustnte the sSore. Twelve 
lame fel^af plates, Rojal 4to, do^ 7s. 6d. 
54. MiASTING, MAST-MAKING, AND RIGGING OF SHIPS, 
RadiaM^tanr Treatise cm. Also TaUes of Span, Riggia^, Blocks ; Chaia, 
Wire, aad Heap Ropes, tic., rriathe to ererj class of ifwh, With aa 
Appcadix of IHneasioas of Masts aad Yards ofOe Royal Nary. B7 RoasaT 
Kimao^ N.A. Foarteeatb Edition. IDastrated. 2s4 
54*. IRON SHIP-BUILDING. With Practical Examples and Detafls 
for dbe Use of Ship Owners aad Ship Builders. B7 Jotor GaAarHAM, Coa- 



snltiai^ Eacineer and Naral Architect. 5tb E^tioa, with Ad£tioBs. 4s. 
^••. AN ATLAS OF FORTY PLATES to mastiate the abore. 
TttA Edition, laclndiar the latest Exaiaples, sach as HJf. Steam Frigates 
"Warrior/' "Hercal^ ** Bellerophoa ; " H^. Troop Ship "Seiapis," 
Iroa Floatiar Dock, Ice., Ice. ^o, boards. 38s. 
55. THE SAILOR'S SEA BOOK: a Rndimentaiy Treatise on 
Naricatioa. Piut I. How to Keep the Log a^ Work it oC Put II. Oa 
Ftadiaf the Latttade aad Loagitade. By Jamu GmaavwooD, B.A. To 
wUch are added, tibe Deriation aad Error of Ae Compass ; Crreat Circle 
Sailiag ; the Interaatioaal (CoauaerciaJ) Code of Sigaab : Uie Rale of the 
Road at Sea ; Rocket and Mortar Appsuatos for Saring Life ; the Law ci 
StonoM: and a Brief Dictioaarr of Sea Terms. With nnmerons Woodcats 
aad Coloured Plates of Flags, rf ew, thoroughly rerised aad much ealaiged 
edition. By W. H. Kosssa. 2s. 6dJt 
80. MARINE ENGINES, AND STEAM VESSELS, a T^atisc 
on. Together with Practical Remarks on the Screw and Propdling Power, 
as used in the Royal and Merchant Navy. By Robekt McaaAT, C.E., 
Eagiaeer-Snrrriror to the Etoard of Trade. With a Glossary of Tedmical 
Terais, aad their Equivalents in French, Goman, aad ^anish. Seveath 
Edition, rerised and enlareed. Illustrated. 3s4 
SjWf. THE FORMS OF SHIPS AND BOATS: Hints, Experiment- 
ally Derived, on some of the Principles r^fulating Ship-building. By W. 
BLAin>. Seventh Edition, revised,with numerous Illustrations and M<Mels.xs.6d. 
99. NAVIGATION AND NAUTICAL ASTRONOMY, in Theory 
and Practice. With Attentats to £sicilitate tiie Finding of the Time and the 
Loagitade at Sea. By J. R. Youxg, formerly Profossor of Madiematics in 
Belfast College. Illustrated. 2s. 6d. 
100*. TABLES intended to facilitate the Operations of Navigation and 
Nautical Astrono m y, as an Accompaniment to the above Book. By J. R. 
Youvo. IS. 6d. 

106. SHIPS' ANCHORS, a Treatise on. By G. Cotskll, N. A. is. 6d. 

149. SAILS AND SAIL-MAKING, an Elementary Treatise on. 
With Draurhting, and the Centre of Effort of the Sails. Also, Weights 
and Sixes of Ropes : Masting, Rigging, and Ssuls of Steam Vessels, 8cc., ftc. 
Eleventh Edition, enlarged, with an Appendix. By Robbrt Kipping, N.A., 
Sailmaker, Quayside, ^^wcastle. Illustrated. 2s. 6d4 

155. THE ENGINEER'S GUIDE TO THE ROYAL AND 

MERCANTILE NAVIES. By a Practical ENcmsER. Revised by D. 

F. McCarthy, late of tbe Ordnance Survey 0£Sce, Southampton. 3s. 

55 PRACTICAL NAVIGATION. Consisting of The Sailor's 

£ Sea-Beok. By Jambs Grbbnwood and W. H. Rossbr. Together with 

2Q^ the requisite Mathematical and Nautical Tables for the Working of tiie 

^^* JProblems. Bjr Hbivrt Law, C.E., and J. R. Young, formerly Professor of 
Mathematics in Belfast College. Illustrated with numerous Wood'Engrav- 
ings and Coloured Plates. 7s. Strongly half- bound in leather. 

The X indicates that ihese vols, may be had strongly bound at 6d, extra. 
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PHYSICAL SCIENCE, NATURAL PHILO- 
SOPHY, ETC. 

1. CHEMISTRY^ for the Use of Beginners. By Professor George 

FowNBSy F.R.S. With an Appendix on the Application of Chemistry to 
Agriculture, is. 

2, NATURAL PHILOSOPHY, Introduction to the Study of; for 

the Use of Beginners. By C. Tomlinson, Lecturer on Natural Science in 
Kind's College School, London. Woodcuts, is. 6d. 
4. MINERALOGY, Rudiments of; a concise View of the Properties 
of Minerals. By A. Ramsay, Jun. Woodcuts and Steel Plates. 3s.t 

6. MECHANICS, Rudimentary Treatise on; being a concise Ex- 

position of the General Principles of Mechanical Science, and their Applica- 
tions. By Charles Tomlinson. Illustrated, is. 6d. 

7. ELECTRICITY; showing the General Principles of Electrical 

Science, and the purposes to which it has been applieo. By Sir W. Snow 
Harris, F.R.S., &c. With Additions bjj R. Sabine, C.E., F.S.A. is. 6d. 
7*. GALVANISM, Rudimentary Treatise on, and the General Prin- 
ciples of Animal and Voltaic Electricity. By Sir W. Snow Harris. New 
Edition, with considerable Additions by Kobbrt Sabine, C.E., F.S A. is. 6d. 

8. MAGNETISM ; being a concise Exposition of the General Prin- 

ciples of Maenetical Science, and the Purposes to which it has been applied. 
By Sir W. Snow Harris. New Edition, revised and enlarged by H. M. 
NoAD, Ph.D., Vice-President of the Chemical Society, AutJior of "A 
Manual of Electricity," &c., &c. With 165 Woodcuts. 3s. 6d.1: 

11. THE ELECTRIC TELEGRAPH; its History and Progress; 

with Descriptions of some of the Apparatus. By R. Sabine, C.E., F.S.A. 3s. 

12. PNEUMATICS, for the Use of Beginners. By CHARLES 

Tomlinson. Illustrated, is. 6d. 
72. MANUAL OF THE MOLLUSC A ; a Treatise on Recent and 
Fossil Shells. By Dr. S. P. Woodward, A.L.S. Fourth Edition. With 
Appendix by Ralph Tate, A.L.S., F.G.S. With numerous Plates and 300 
Woodcuts. 6s. 6d. Cloth boards, 7s. 6d. 

^^**, PHOTOGRAPHY, Popular Treatise on; with a Description of 
the Stereoscope, &c. Translated from the French of D. Van Monckhovbn, 
by W. H. Thornthwaite, Ph.D. Woodcuts, is. 6d. 

96. ASTRONOMY, By the Rev. R. Main, M.A., F.R.S., &c. 

New Edition, with an Appendix on " Spectrum Analysis." Woodcuts, xs. 6d. 

97. STATICS AND DYNAMICS, the Prmciples and Practice of; 

embracing also a clear development of Hydrostatics, Hydrodynamics, and 
Central Forces. By T. Baker, C.E. is. 6d. 
138. TELEGRAPH, Handbook of the; a Manual of Tdewaphy, 
Telegraph Clerks' Remembrancer, and Guide to Candidates for Employ- 
ment in the Telegraph Service. By R. Bond. Fourth Edition, revised and 
enlarged : to which is appended, QUESTIONS on MAGNETISM, ELEC- 
TRICITY, and PRAC^CAL TELEGRAPHY, for the Use of Students, 
by W. McGrbgor, First Assistant Supnt, Indian Gov. Telegraphs. 3S.t 

143. EXPERIMENTAL ESSAYS. By Charles Tomlinson. 

I. On the Motions of Camphor on Water. II. On the Motion of Camphor 
towards the Light. III. History of the Modem Theory of Dew. Woodcuts, zs. 

173. PHYSICAL GEOLOGY, parUy based on Major-General Port- 

lock's "Rudiments of Geology." By Ralph Tate, A.L.S.,8tc. Woodcuts. 2s. 

174. HISTORICAL GEOLOGY, partly based on Major-General 

Portlock's " Rudiments." By Ralph Tatb, A.L.S., 8tc. Woodcuts, ss. 6d. 
173 RUDIMENTARY TREATISE ON GEOLOGY, Physical and 
& Historical. Partly based on Major-General Portlock's '*Radimentt of 
174. Geology." By Ralph Tatb, A.L.S., F.G.S., &c. In One Volume. 4s.6d.t 
183 ANIMAL PHYSICS, Handbook of. By Dr. Lardner, D.C.L., 
& formerly Professor of Natural Philosophy and Astronomy in University 
184. College, Lond. With 520 Illustrations. In One Vol. 7s. 6d., cloth boards, 

\* Sold also in Two Paris, as follows : — 

183. Animal Physics. By Dr. Lardnbr. Part I., Chapters I.— VII. 48, 

184. Animal Physics. By Dr. Lardnbr. Part II., Chapters VIII.— XVHI. 38. 



The X indicates thai these vols, may be had strongly bound at 6d, extra. 
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MINING, METALLURGY, ETC. 

117. SUBTERRANEOUS SURVEYING, Elementary and Practical 
Treatise oik with and without the Magnetic Needle. By Thomas Fbnwick, 
Surveyor of Mines, and Thomas Baker, C.£. Illustrated. 2s. 6d.1: 

133. METALLURGY OF COPPER ; an Introduction to the Methods 

of Seeking, Mining, and Assaying Copper, and Idanu&ctaring its Alloys. 
By ROBBRT H. Lamborn, Ph.D. Woodcuts. 2S. 6d.t 

134. METALLURGY OF SILVER AND LEAD, A Description 

of the Ores ; their Assay and Treatment, and valuable Constituents. By Dr. 
R. H. Lamborn. Woodcuts. 2s. 6d4 

135. ELECTRO-METALLURGY; Practically Treated. By Alex- 

ander Watt, F.R.S.S.A. 7th Edition, revised, with important additions, 
including the Klectro-Deposition of Nickel, &c. Woodcuts. 35.^ 

172. MINING TOOLS, Manual of. For the Use of Mine Managers, 
Agents, Students, &c. By William Morgans. 2s. 6d.t 
I72» MINING TOOLS, ATLAS of Engravings to Illustrate the above, 
containing 235 Illustrations, drawn to Scale. 4to. 4s. 6d. ; cloth boards, 6s. 

176. METALLURGY OF IRON. Containing History of Iron Manu- 
facture, Methods of Assay, and Analjrses of Iron Ores, Processes of Manu- 
facture of Iron and Steel, &c. By H. Bauerman, F.G.S. 4th Edition. 4s. 6d4 

1 80. COAL AND COAL MINING, A Rudimentary Treatise on. 

By Warington W. Smyth, M.A., F.R.S. Fifth Edition, revised and 
enlarged. With numerous Illustrations. 3s. 6A..% [Just Published, 

195. THE MINERAL SURVEYOR AND VALUER'S COM- 
PLETE GUIDE, with new Traverse Tables, and Descriptions of Improved 
Instruments ; also the Correct Principles of Laying out and Valuing Mineral 
Properties. By Wiluam Lintbrn, Mining and Civil Engineer. 3s. 6d.^ 

214. SLATE AND SLATE QUARRYING, Sc\&i\x'^c,Vi2LC^ai\, and 

Commercial. By D. C. Davibs, F.G.S., Mining Engineer, &c. With 
numerous Illustrations and Folding Plates. \%.t 

215. THE GOLDSMITHS HANDBOOK, conteming full Instruc- 

tions for the Alloying and Working of Gk>ld, including the Art of Alloying, 
Melting, Reducing, Colouring, Collecting, and Kenning; Chemical and 
Physical Properties of Gold: with a New System of Mixing its Alloys; 
Solders, Enamels, 8cc. Bv George £. Gee, Goldsmith and Silversmith. 
Second Edition, considerably enlarged. 3s4 [Just Published. 

THE SILVERSMITHS HANDBOOK, containing full In- 
structions for the Alloying and Working of Silver. By George £. Gee. \s.X 
220. MAGNETIC SURVkYING, AND ANGULAR SURVEY- 
ING, with Records of the Peculiarities of Needle Disturbances. Compiled 
from the Results of carefully made Experiments. By Wiluam Lintern, 
Mining and Civil Engineer and Surveyor. 2s. [Just published, 

FINE ARTS. 

20. PERSPECTIVE FOR BEGINNERS. Adapted to Young 
[Students and Amateurs in Architecture, Painting, 8cc. By Gborgb Pynb. 2s. 
40 GLASS STAINING; or, The Art of Painting on Glass. From 
& the Grerman of Dr. Gessert. With an Appendix on The Art op Enambl- 
»^ UNO, Sec; together with The Art of Painting oh Glass. From the 
^ * German of Emanuel Otto Fro&iberg. In One Volume. 2s. 6d. 
69. MUSIC, A Rudimentary and Practical Treatise on. With 

numerous Examples. By Charles Child Spencer. 2s. 6d. 
71. PIANOFORTE, The Art of Playing the. With numerous Exer- 
cises & Lessons. From the Best Masters, by Charles Child Spencer, ss. 6d. 

181. PAINTING POPULARLY EXPLAINED, including Fresco, 

Oil^ Mosaic, Water Colour, Water-Glass, Tempera, Encaustic. Miniature, 
Painting on Ivory, Vellum. Pottery, Enamel, Glass, &c. With Historical 
Sketches of the Progress of the Art by Thomas John Guluck, assisted by 
John Times, F.S.A. Fourth Edition, revised ana enlarged. 5s.t 
186. A GRAMMAR OF COLOURING, appUed to Decorative 
Painting and the Arts. By George Field. New Edition, enlarged and 
adapted to the Use of the Ornamental Painter and Designer. By Ellis A. 
Davidson. With two new Coloured Diagrams, &c. 3s.t 

The X indicates that these vols, may be had strongly bound at 6d, exttu, 
LONDON : CHOS^^ laOCKWOOTi K^ti CO.^ 
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AGRICULTURE, GARDENING, ETC. 

29. THE DRAINAGE OF DISTRICTS AND LANDS, By 
G. Drysdalb Dbmpsey, C.E. \^New Edition in preparation. 

66. CLAY LANDS 6f LOAMY SOILS, By Prof. Donaldson, is. 

131. MILLER'S, MERCHANT'S, AND FARMER'S READY 

RECKONER, for ascertaining at sight the value of any quantity of Com, 

from One Bushel to One Hundred Quarters, at any given price, from j^i to 

i^perQr. With approximate values of Millstones, Afillwork, &c. is. 

140. SOILS, MANURES, AND CROPS, (Vol. i. Outlines of 

Modern Farming.) By R. Scott Burn. Woodcuts. 2s. 

141. FARMING &* FARMING ECONOMY, Notes, Historical and 

Practical, on. (Vol. 2. Outlines of Modern Farming.) By R. Scott Burn. 3s. 

142. STOCK; CATTLE, SHEEP, AND HORSES, (Vol. 3. 

Outlines of Modern Farming.) By R. Scott Burn. Woodcuts. 2s. 6d. 

145. DAIRY, PIGS, AND POULTRY, Management of the. By 

R. Scott Burn. With Notes on the Diseases of Stock. (Vol. 4. Outlines 
OF Modern Farming.) Woodcuts. 2s. 

146. UTILIZATION OF SEWAGE, IRRIGATION, AND 

RECLAMATION OF WASTE LAND. (Vol. <• Outunes of Modern 

Farming.) By R. Scott Burn. Woodcuts. 2s. od. 

•#• Nos. X40-1-2-5-6, m One Vol., handsomely half-bound, entitled "Outlines of 

Modern Farming." By Robert Scott Burn. Price 12s. 

177. FRUIT 2REES, The Scientific and Profitable Culture of. From 

the French of Du Breuil. Revised by Geo. Glenny. 187 Woodcuts. 3s. 6d.t 

198. SHEEP; THE HISTOR Y, STR UCTURE, ECONOMY, AND 
DISEASES OF. By W. C. Spooner, M.R.V.C, &c. Fourth Edition, 
considerably enlarged; with numerous fine engravings, including some 
specimens of Nevir and Improved Breeds. 366 pp. 3s. 6d.^ 

201. KITCHEN GARDENING MADE EASY. Showing how to 
prepare and lay out the ground, the best means of cultivating every known 
Vegetable and Herb, with cultural directions for the management of them all 
the year round. By George M.F.Glbnny, Author of "Floriculture,"&c. xs.6d.t 

207. OUTLINES OF FARM MANAGEMENT, and the OrganU 

xation of Farm, Labour: Treating of the General Work of the Farm ; Field 
and Live Stock ; Details of Contract Work ; Sj^ecialities of Labour ; Econo- 
mical Management of the Farmhouse and Cottage, and their Domestic 
Animals. By Robert Scott Burn. 2s. 6d.T [^ust published. 

208. OUTLINES OF LANDED ESTATES MANAGEMENT: 

Treating of the Varieties of Lands, Methods of Farming, Farm Buildings, 
Irrigation, Drainage, &c. By R. Scott Burn. 2s. 6d.% 
•♦• Nos. 207 6f 208 in One Vol., handsomely half- bound, entitled ** Outlines of 
Landed Estates and Farm Management.'"* By R. Scott Burn. Price 6s, 

209. THE TREE PLANTER AND PLANT PROPAGATOR : 

Being a Practical Manual on the Propagation of Forest Trees, Fruit Trees, 
Flowering Shrubs, Flowering Plants, Pot-Herbs, 8tc. ; with numerous Illus- 
trations of Grafting, Layering, Budding, Cuttings, 8tc., Useful Implements, 
Houses, Pits, 8cc. By Samuel Wood. 28.t \,Just published, 

210. THE TREE PRUNER : Being a Practical Manual on the 

Pruning of Fruit Trees, including also their Training and Renovation ; also 
treating of the Pruning of Shrubs, Climbers and Flowering Plants. By 
Samuel Wood. 2s.t [Just published. 

*m* Nos. 209 6f 2ZO in One Vol., handsomely half-bound, entitlea*^ Thb Trbk 
Planter, Propagator and Pruner.'^ By Samuel Wood. Price 5*. 

219. THE HA Y AND STR A W MEASURER : Being New Tables 
for the Use of Auctioneers, Valuers, Farmers, Hay and Straw Dealers, Sec, 
forming a complete Calculator and Ready-Reckoner, especialW adapted to 
persons connected with Agriculture. Third Edition. By John Steele. 2s. 

222. SUBURBAN FARMING, The Laying-out and Cultivation of 
Farms, adapted to the Produce of Milk, Butter, and Cheese, Eggs, Poultry, 
and Pigs. By the late ProfL John Donaldson. With Additions by 
R. Scott Burn. iJecond Edition. 3s. 6d.* \Just published, 

_i - - — 1 — 

The X indicates that these vols, may be had strongly bound at td, extra. 
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ARITHMETIC, GEOMETRY, MATHEMATICS, 

ETC. 

32. MATHEMATICAL INSTRUMENTS, a Treatise on; in which 
their Construction and the Methods of Testing, Adjusting, and Using them 
are conciselr Explained. By T. F. Hbathbr, M.A.. of ue Royal Military 
Academy, Woolwich. Orlginsil Edition, in z vol., Illustrated, zs. 6d. 

\* In ordering the aboitet be careful to say^ " Original Edtiion *• (A'*. 32), io distin- 
guish it front the Enlarged Edition in 3 vols. (Nos. 168-9-70.) 

60. LAND AND ENGINEERING SURVEYING, a Treatise on; 
with all the Modem Improvements. Arranged for the Use of Schools and 
Private Students ; also for Practical Land Sarveyors and Ennneers. By 
T. Baker, C.E. New Edition, revised by Edward Nugent, C.E. Illus- 
trated witn Plates and Diagrams. 2S.t 

dl* . READY RECKONER FOR THE ADMEASUREMENT OP 
LAND. By Abraham Arhan, Schoolmaster, Thurleigh, Beds. To which 
is added a Table, showing the Price of Work, from 2s. 6d. tO;^i per acre, and 
Tables for the Valuation of Land, from is. to ;^iyOoo per acre, and from one 
pole to two thousand acres in extent, &c., &c. zs. 6d. 

76. DESCRIPTIVE GEOMETRY, an Elementarr Treatise on; 
with a Theory of Shadows and of Perspective, extracted from the French of 
G. MoNGE. To which is added, a description of the Principles and Practice 
of Isometrical Projection ; the whole Ixnng intended as an introduction to the 
Application of Descriptive Geometry to various branches of th« Arts. By 
J. F. Heather, M.A. Illustrated with 14 Plates. 2s. 

178. PRACTICAL PLANE GEOMETRY: giving the Simplest 

Modes of Constructing Figures contained in one Plane ana Geometrical Con- 
struction of the Ground. By J. F. Heather, M.A. With 215 Woodcuts, as. 

179. PROJECTION : Orthographic, Topographic, and Perspective: 

S'iving the various Modes of Delineating Solid Forms by Constructions on a 
ingle Plane Surface. By J. F. Heather, M.A. [/» preparation. 

*0* The above three volumes will form a Complete Elementary Course of 

I^ATHKltfAXTP AT. I^RAIVTNO 

83. COMMERCIAL BOOK-KEEPING. With Commercial Phrases 

and Forms in English, French, Italian, and German. By James Haddon, 
M.A., Arithmetical Master of King's College School, London, zs. 6d. 

84. ARITHMETIC, a Rudimentary Treatise on : with full Explana- 

tions of its Theoretical Principles, and numerous Examples for Practice. For 
the Use of Schools and for Self- Instruction. B;r J. R. Young, late Professor 
of Mathematics in Belfast College. New Edition, with Index, xs. 6d. 

84*. A Key to the above, containing Solutions in full to the Exercises, together 
with Comments, Explanations, and Improved Processes, for the Use of 
Teachers and Unassisted Learners. By J. R. Youko. xs. 6d. 

85. EQUA TIONAL ARITHMETIC, applied to Questions of Interest, 
8c*. Annuities, Life Assurance, and General Commerce ; with various Tables by 

which all Calculations may be greatly facilitated. By W. Hipslby. as. 

86. ALGEBRA, the Elements of. By James Haddon, M.A., 

Second Mathematical Master of King's Collegfe School. "With Appendix, 
containing miscellaneous Investigations, and a Collection of ProDlems in 
various parts of Algebra. 2s. 
86*. A Key and Companion to the above Book, forming an extensive repository of 
Solved Examples and Problems in Illustration of the various Expedients 
necessary in Algebraical Operations. Especially adapted for Self-Instruc- 
tion. By J. R. Young, xs. 6d. 

88. EUCLID, The Elements of : with many additional Propositions 
8g. and Explanatory Notes : to which is prefixed, an Introductory Essay on 
Logic. By Henry Law, C.E. 2s. 6d4 

•«• Sold also separately, viz. .•— * 

88. Euclid, The First Three Books. By Henry Law, C.E. is. 6d. 

89. EucuD, Books 4, 5, 6, 11, 12. By Henry Law, C.E. zs. 6d. 



The % indicates that these vols, may be had strongly hound at 6d. gxitm. 
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Arithmetic, Geometry, Mathematics, etc., continued, 

90. ANALYTICAL GEOMETRY AND CONIC SECTIONS, 

a Rudimentary Treatise on. By James Hann, late Mathematical Master of 
King's College School, London. A New Edition, re-written and enlarged 
by J. R. YouNO, formerly Professor of Mathematics at Belfast College, as.t 

91. PLANE TRIGONOMETRY, the Elements of. By James 

Hann, formerly Mathematical Master of King's College, London, is. 6d. 

92. SPHERICAL TRIGONOMETR Y, the Elements of. By jAMES 

Hann. Revised by Charles H. Dowung, C.E. is. 
%• Or with " The Elements of Plane Trigonomftty," in One Volume, M. 6d. ' 

93. MENSURATION AND MEASURING, for Students and Prac- 

tical Use. With the Mensuration and Levelling of Land for the Purposes ot 
Modem Engineering. By T. Baker, C.E. New Edition, with Corrections 
and Additions by E. Nugent, C.E. Illustrated, is. 6d. 

102. INTEGRAL CALCULUS, Rudimentary Treatise on the. By 

HoMERSHAM Cox, B.A. Illustrated, is. 

103. INTEGRAL CALCULUS, Examples on the. By James Hann, 

late of King's College, London. Illustrated, is. 
lOi. DIFFERENTIAL CALCULUS, Elements of the. By W. S. B. 
"WooLHOUSE, F.R.A.S., &c. IS. 6d. 

105. MNEMONICAL LESSONS. — Geometry, Algebra, and 

Trigonometry, in Easy Mnemonical Lessons. By the Rev. Thomas 
Penyngton Kirkman, M.A. is. 6d. 

136. ARITHMETIC, Rudimentary, for the Use of Schools and Self- 

Instruction. By James Haddon, M.A. Revised by Abraham Arman. 
IS. 6d. 

137. A Key to Haddon's Rudimentary Arithmetic. By A. Arman. is. 6d. 

168. DRAWING AND MEASURING INSTRUMENTS. Includ- 

ing— I. Instruments employed in Geometrical and Mechanical Drawing, 
and in the Construction, Copying, and Measurement of Maps and Plans. 
II. Instruments used for the purposes of Accurate Measurement, and for 
Arithmetical Computations. By J. F. Heather^ M.A^ late of tne Royal 
Military Academy. Woolwich, Author of " Descnptive Geometry," 8tc., &c. 
Illustrated, is. oa. 

169. OPTICAL INSTRUMENTS. Includmg (more especially) Tele- 

scopes. Microscopes, and Apparatus for producing copies of Maps and Plans 
by Photography. By J. F. Heather, M.A. Illustrated, is. od. 

170. SURVEYING AND ASTRONOMICAL INSTRUMENTS. 

Including — I. Instruments Used for Determining the Geometrical Features 
of a portion of Ground. II. Instruments Employed in Astronomical Observa- 
tions. Ry T* F. Heather, M.A. Illustrated, is. 6d. 
*»* The above three volumes form an enlarf^meni of the Authov's original work, 
" Mathematical Instruments: their Construction, Adjustment, Testing, and Use,* 
the Thirteenth Edition of which is on sale, price is. 6d. (See No. 32 in the Series.) 

i6S.^ MATHEMATICAL INSTRUMENTS. By J. F. Heather, 

169. > M.A. Enlarged Edition, for the most part entirely re-wntten. The 3 Parts as 

170. J above, i^ One thick Volume. With numerous Illustrations. 4s. 6d.1: 

158. THE SLIDE RULE, AND HOJV TO USE IT; conteming 
fiiU, easy, and simple Instructions to perform all Business Csilculations with 
unexampled rapimty and accuracv. By Charles Hoarb, C.£. With a 
Slide Rule in tuck of cover. 2S. 6d.t 

185. THE COMPLETE MEASURER ; setting forth the Measure- 
ment of Boards, Glass, &c., &c. ; Unequal -sided, Square-sideiL Octa^nal- 
sided. Round Timber and Stone, and Standing Timber. With a Table 
showmg the solidity of hewn or eight>sided timber, or of any octagonal- 
sided column. Compiled for Timber-growers, Merchants, and SurvOTors, 
Stonemasons, Architects, and others. By Richard Horton. Third 
Edition, with valuable additions. 4s. ; strongly bound in leather, 5s. 

196. THEORY OF COMPOUND INTEREST AND ANNUI- 
TIES ; with Tables of Logarithms for the more Difficult Compntations of 
Interest, Discount, Annuities, &c. By F^dor Thoman. 43.^ 

The t indicates that these vols, may be had strongly bcundat 6d, extra. 
7, STATIONERS' HALL COURT, lA3I>OKt^ "BXV^, ^*^* 
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Arithmetic, Geometry, Mathematics, eXc.^ amtinued, 

199. INTUITIVE CALCULATIONS; or, Easy and Compendious 
Methods of Performing the various Arithmetical Operations required in 
Commercial and Business Transactions ; together with Full Explanations of 
Decimals and Duodecimals, several Useful Tables, &c. By Danzsl 
O 'Gorman. Twenty-fifth Edition, corrected and enlarged by J. K* Young, 
formerly Professor of Mathematics in Belfast College. 3S.4 

204. MATHEMATICAL T^-fiZl^^, for Trigonometrical, Astronomical, 
and Nautical Calculations ; to which is prized a Treatise on Logarithms. 
By Henry Law, C.E. Together with a Series of Tables for Navigation 
and Nautical Astronomy. By J. R. Youno, formerly Professor of Mathe- 
matics in Belfast College. New Edition. 3s. 6d.t 

221. MEASURES, WEIGHTS, AND MONEYS OF ALL NA- 
TIONS, and an Analysis of the Christian, Hebrew, and Mahometan 
Calendars. By W. S. B. Woolhousb, F.R.A.S., F.S.S. Sixth Edition, 
carefully revised and enlarged. 2s. t \Jiist published. 



MISCELLANEOUS YOLUMES- 

36. A DICTIONARY OF TERMS used in ARCHITECTURE, 
BUILDING, ENGINEERING, MINING, METALLURGY, ARCHjE- 
OLOGY, the FINE ARTS, 6rv. By John Wealb. Fifth Edition. Revised 
by Robert Hunt, F.R.S., Keeper of Mining Records. Numerous Illus- 
trations. 5s. cloth limp ; 6s. cloth boards. 
50. THE LAW OF CONTRACTS FOR WORKS AND SER- 
VICES. By David Gibbons. TThird Edition, enlarged, js.t 
112. MANUAL OF DOMESTIC MEDICINE, By R. Gooding, 
B.A., M.D. Intended as a Family Guide in all Cases of Accident and 
Emergency. 2s.1: 
112*. MANAGEMENT OF HEALTH, A Manual of Home and 
Personal Hygiene. By the Rev. James Baird, B.A. zs. 
150. LOGIC, Pure and Applied. By S. H. Emmens. is. 6d. 

152. PRACTICAL HINTS FOR INVESTING MONEY. With 

an Explanation of the Mode of Transacting Business on the Stock Exchange. 
By Francis Playford, Sworn Broker, zs. 6d. 

153. SELECTIONS FROM LOCKE'S ESSAYS ON THE 

HUMAN UNDERSTANDING. With Notes by S. H. Emmbns. as. 

154. GENERAL HINTS TO EMIGRANTS, Containing Notices 

of the various Fields for Emigration. With Hints' on Preparation for 
Emigrating, Outfits, See., &c. With Directions and Recipes useful to tiie 
Emigrant. With a Map of the World. 2s. 

157. THE EMIGRANTS GUIDE TO NATAL. By Robert 

Jambs Mann, F.R.A.S., F.M.S. Second Edition, carefully corrected to 
the present Date. Map. 2s. 

193. HANDBOOK OF FIELD FORTIFICATION, intended for the 

Guidance of Officers Preparing for Promotion, and especially adapted to the 
requirements of Beginners. By Major W. W. KNOLLYS, F.R.G.S., gjrd 
Sutherland Highlanders, 8cc. With Z63 Woodcuts. \s.t 

194. THE HOUSE MANAGER: Being a Guide to Housekeeping. 

Practical Cookery, Pickling and Preserving, Household Work. Dairy 
Management, the Table and Dessert, Cellarage of Wines, Home-orewing 
and Wine-making, the Boudoir and Dressing-room, Travelling, Stable 
Economy, Gardening Operations, 8cc. By An Old Housbkbbpbr. 3s. 6d.t 

194. HOUSE BOOK {The), Comprising :— I. The House Manager. 
112. By an Old Housbkebpbr. II. Domestic Medicine. By Ralph Goodihg, 
o^ M,T>. III. Management of Health. By Jambs Baird. In One Vol., 
^ strongly half-bound. 6s. 

224. COACH BUILDING, A Practical Treatise, Historical and 
Descriptive, containing full information of the various Trades amd Processes 
involved, with Hints on the proper Keeping of Carriages, &c. With $7 

Illustrations. By Jambs W. Burqbss. 2s. (xi.t [Jttst published. 

The X indicates that these vols, may be had strongly bound at 6d. extra. 
LONDOK : CROS^X L-OOK^OOTi MXQ CO,^ 
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EDUCATION AL AND CLASS ICAL SERIES. 

HISTORY. 

I. England, Outlines of the History of; more especially with 

reference to the Oriein and Progress of the English Constitution. By 
William Douglas Mamilton, F.S.A., of Her Majesty's Public Record 
Office. 4th Edition, revised. 5s. ; cloth boards, 6s. 

5. Greece, Outlines of the History of; in connection with the 

Rise of the Arts and Civilization in Europe. By W. Douglas Hamilton. 
of University College, London, and Edward Lbvibn, M.A., of Balliol 
College, Oxford. 2s. 6a. ; cloth Doards, 3s. 6d. 

7. Rome, Outlines of the History of: from the Earliest Period 

to the Christian Era and the Commencement of the Decline of the Empire. 
By Edward Levibn, of Balliol College, Oxford. Map, 2s. 6d. ; cl. bds. 3s. 6d. 

9. Chronology of History, Art, Literature, and Progress, 

from the Creation of the World to the Conclusion of the Franco-German War. 
The Continuation by W. D. Hamilton, F.S.A. 3s. ; cloth boards, 3s. 6d. 

50. Pates and Events in English History, for the use of 

Candidates in Public and Private Examinations. By the Rev. E. Ramd. is. 

ENGLISH LANGUAGE AND MISCELLANEOUS. 

11. Grammar of the English Tongue, Spoken and Written. 

With an Introduction to the Study of Comparative Philology. ' By Hydb 
Clarke, D.C.L. Fourth Edition, zs. 6d. 
II*. Philology : Handbook of the Comparative Philology of English, 
Anglo-Saxon, Frisian, Flemish or Dutch, Low or Piatt Dutch, High Dutch 
or German, Danish, Swedish, Icelandic, Latin, Italian, French, Spanish, and 
Portuguese Tongues. By Hydb Clarkb, D.C.L. zs. 

12. Dictionary of the English Language, as Spoken and 

Written. Containing above zoo,ooo Words. By Hydb Clarkb, D.C.L. 
3s. 6d. ; cloth boards, 4s. 6d. ; complete with the Grammar, cloth bd8.,^s.6d. 

48. Composition and Punctuation, familiarly Explained for 

those who have neglected the Study of Grammar. By Justin Brbnan. 
17th Edition, zs. 6d. 

49. Derivative Spelling- B ook : Giving the Origin of Every Word 

from the Greek, Latin, Saxon, German, Teutonic, Dutch, French, Si>anish, 
and other Languages ; with their present Acceptation and Pronunciation. 
By J. RowBOTHAM, F.R A.S. Improved Edition, zs. 6d. 

51. The Art of Extempore Speaking : Hmts for the Pulpit, the 

Senate, and the Bar. By M. Bautain, Vicar-General and Professor at the 
Sorbonne. Translated from the French. 7th Edition, carefully corrected, as. 6d. 

52. Mining and Quarrying, with the Sciences connected there- 

with. First Book of, for Schools. By J. H. Collins, F.G.S., Lecturer to 
the Miners' Association of ComwjEll and Devon, zs. 

53. Places and Facts in Political and Physical Geography, 

for Candidates in Examinations. By the Rev. Edgar Rand, B Jl. zs. 

54. Analytical Chemistry, Qualitative and Quantitative, a Course 

of. To which is prefixed, a Brie/Treatise upon Modem Chemical Nomencla- 
ture and Notation. By Wm. W. Pink and Gborgb E. Wbbster. as. 

THE SCHOOL MANAGERS' SERIES OF READING 

BOOKS, 

Adapted to the Requirements of the New Code. Edited by the Rev. A. R. Grant, 
Rector of Hitcham, and Honorary Canon of Ely ; formerly H.M. Inspector 
of Schools. 

Introductory Prihbr, ^d, 

s. a. 

Fourth Standard . . .12 
Fifth ,» . . . z 6 

Sixth » . . . x 6 

Lbssons from the Biblb. Part I. Old Testament, zs. .... - , , 
Lessons from the Biblb. Part II. New Testament, to whirti is added 
The Geography op the Biblb, for very young Children. By Kev. C. 
Thornton FORSTER. zs. ad. %» Or the Two Parts in One Volume, as. 



s. d. 

First Standard . .06 
Second „ . . o zo 

Third „ . . z o 
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FRENCH. 

24. French Grammar. With Complete and Concise Rules on the 

Genders of French Nouns. By G. L. Strauss, Ph.D. is. 6d. 

25. French-English Dictionary. Comprising a large number of 

New Terms used in Engineering, Mining, 8cc. By Alfred Elwbs. is. 6d. 

26. English French Dictionary. By Alfred Elwes. 2s. 
25,26. French Dictionary (as above). Complete, in One VoL, 3s. ; 

cloth boards, 3s. 6d. %* Or with the Grammar, cloth boards, 4s. 6d. 

47. French and English Phrase Book : containing Intro- 
ductory Lessons, with Translations, several Vocabularies of Worcb, a Col- 
lection of suitable Phrases, and Easy Familiar Dialogues, zs. 6d. 



GERMAN. 

39. German Grammar. Adapted for English Students, from 

Ue3rse*s Theoretical and Practical Grammar, by Dr. G. L. Stradss. zs. 

40. German Reader : A Series of Extracts, carefully culled from the 

most approved Authors of Grermany ; with Notes, Philological and Ex- 
planatory. By G. L. Strauss, Ph.D. zs. 

41-43. German Triglot Dictionary. By Nicholas Esterhazy 

S. A. Hamilton. In Three Parts. Part I. German-Frrach-English. 
Part II. English-German-French. Part III. French-German-English. 
3s., or cloth boards, 4s. 

41-43 German Triglot Dictionary (as above), together with German 

Sc 39. Grammar (No. 39), in One Volume, cloth boards, 55. 

ITALIAN. 

27. Italian Grammar, arranged in Twenty Lessons, with a Course 

of Exercises. By Alfred Elwbs. zs. 6d. 

28. Italian Triglot Dictionary, wherem the Genders of all the 

Italian and French Nouns are carefully noted down. By Alfred Elwbs. 
Vol. z. Italian-English-French. 2s. 6d. 

30. Italian Triglot Dictionary. By A. Elwes. Vol. 2. 

English-French-Italian. 2s. 6d. 

32. Italian Triglot Dictionary. By Alfred Elwbs. Vol. 3. 

French-Italian-English. 2s. 6d. 

28,30, Italian Triglot Dictionary (as above). In One VoL, 7s. 6d. 
32. Cloth boards. 

SPANISH AND PORTUGUESE. 

34. Spanish Grammar, in a Simple and Piactical Form. With 

a Course of Exercises. By Alfred Elwbs. zs. 6d. 

35. Spanish-English and English-Spanish Dictionary. 

Including a large number of Technical Terms used in Mining, Engineering, &c., 
widi the proper Accents and the Gender of every Noun. By Alfrrd Elwes. 
4s. ; cloth boards, 5s. *«* Or with the Grammar, cloth boards, 6s. 

55. Portuguese Grammar, in a Simple and Piactical Form. 

With a Course of Exercises. By Alfrbd Elwbs. is. 6d. 

56. Portuguese-English and English-Portuguese Dic- 

tionary, with the Genders of each Noun. By Alfrbd Elwbs. 

HEBREW. 

46*. Hebre^BV Grammar. By Dr. Bresslau. is. 6d. 
44. Hebre'w and English Dictionary, Biblical and Rabbinical ; 

containing the Hebrew and Chaldee Roots of the Old Testament Post- 
Rabbinical Writings. By Dr. Brbsslau. 6s. %* Or with the Grammar, 73. 

46. English and Hebrew Dictionary. By Dr. B&esslau. 3s. 
44,46. Hebre^Bsr Dictionary (as above), in Two Vols., complete, with 

46*. the Gra&ihar, cloth boards, Z2s. 
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LATIN. 

£9. Latin Grammar. Containing the Inflections and Elementary 

Principles of Translation and Construction. By the Rev. Thomas Goodwin, 
M.A., Head Master of the Greenwich Proprietary School, xs. 

20. Latin-English Dictionary. By the Rev. Thomas Goodwin, 

M.A. 2S. 

22. English-Latin Dictionary; together with an Appendix of 

French and Italian Words which have their origin from the Latin. By the 
Rev. Thomas Goodwin, M.A. is. 6d. 
20,22. Latin Dictionary (as above). Complete in One Vol., 3s. 6d.; 
cloth boards, 4s. 6d. %• Or with the Grammar, cloth boards, 5s. 6d. 

LATIN CLASSICS. With Explanatory Notes in EngKsh. 

1. Latin Delectus. Containing Extracts from Classical Authors, 

with Genealogical Vocabularies and Explanatory Notes, by H. Young, is. 6d. 

2. Caesaris Commentarii de Bello Gallico. Notes, and a Geographical 

Register for the Use of Schools, by H. Young. 2s. 

3. Cornelius Nepos. With Notes. By H. Young, is. 

4. Virgilii Maronis Bucolica et Georgica. With Notes on the Buco- 

lics by W. RusHTON, M.A., and on the Georgics by H. Young, is. 6d. 

5. Virgilii Maronis uEneis. With Notes, Critical and Explanatory, 

by H. Young. New Edition, revised and improved. With copious Addi- 
tional Notes by Rev. T. H. L. Leary, D.C.L., lormerly Scholar of Brasenose 
College, Oxford. 3s. 

5* Part I. Books i. — ^vi., is. 6d. 

5*» - Part 2. Books vii. — xii., 2s. 

6. Horace; Odes, Epode, and Carmen Sseculare. Notes by H. 

Young, is. 6d. 

7. Horace ; Satires, Epistles, and Ars Poetica. Notes by W. Brown- 

rigg Smith, M.A., F.R.G.S. is. 6d. 

8. Sallustii Crispi Catalina et Bellum Jugurthinum. Notes, Critical 

and Explanatory, by W. M. Donnb, B.A., Trin. Coll., Cam. is. 6d. 

9. Terentii Andria et Heautontimorumenos. With Notes, Critical 

and Explanatory, by the Rev. Jambs Davies, M.A. is. 6d. 

10. Terentii Adelphi, Hecyra, Phormio. Edited, with Notes, Critical 

and Explanatory, by the Rev. Jambs Davies, M.A. as. 

11. Terentii Eunuchus, Comoedia. Notes, by Rev. J. Davies, M.A. 

IS. 6d. 

12. Ciceronis Oratio pro Sexto Roscio Amerino. Edited, with an 

Introduction, Anal}rsis, and Notes, Explanatory and Critical, by the Rev. 
Jambs Davies, M.A. is. 

13. Ciceronis Orataones in Catilinam, Verrem, et pro Archia. 

With Introduction, Analysis, and Notes, Explanatory and Critical, by Rev. 
T. H. L. Lbary, D.C.L. formerly Scholar of Brasenose College, Oxford. 
IS. 6d. 

14. Ciceronis Cato Major, Laelius, Brutus, sive de Senectute,' de Ami- 

citia, de Claris Oratoribus Dialogi. With Notes by W. Brownrigo Smith, 
M.A., F.R.G.S. 2s. 

16. Livy : History of Rome. Notes by H. Young and W. B. Smith, 

M.A. Part i. Books i., ii., zs. 6d. 

16*. — Part 2. Books iii., iv., v., is. 6d. 

17. Part 3. Books xxi., xxii., is. 6d. 

19. Latin Verse Selections, from Catullus, Tibullus, Propertius, 

and Ovid. Notes by W. B. Donnb, M Jl., Trinity College, Cambriage. as. 

20. Latin Prose Selections, from Varro, Columella, Vitruvius, 

Seneca, Quintilian, Florus, Velleius Paterculos, Valerius Maximus Sueto- 
nius, Apuleius, 8cc. Notes by W. B. Donnb, M.A. as. 

21. Juvenalis Satirae. With Prolegomena and Notes by T. H. S. 

EscoTT, B.A., Lecturer on Logic at King's College, London, as. 
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GREEK. 

14. Greek Grammar, in accordance with the Principles and Philo- 
logical Researches of the most eminent Scholars of our own day. By Hans 
Claudb Hamilton, is. 6d. 

15,17. Greek Lexicon. Containing all the Words in General Use, with 

their Significations, Inflections, and Doubtful Quantities. By Hbnry R. 
Hamilton. Vol. 1. Greek-English, 2s. 6d.^Vol. 2. English-Greek, as. Or 
the Two Vols, in One, 4s. 6d. : cloth boards, 5s. 

14,15. Greek Lexicon (as above). Complete, with the Grammas, in 

27. One Vol., cloth boards, 63. 

GREEK CLASSICS. With Explanatory Notes in English. 
I. Greek Delectus. Containing Extracts from Classical Authors, 

with Genealogical Vocabularies and Explanatory Notes, by H. Young. New 
Edition, with an improved and enlarged Supplementary Vocabulary, by John 
Hutchison, M.A., of the High School, Glasgow, zs. 6d. 

2,3. Xenophon's Anabasis; or, The Retreat of the Ten Thousand. 
Notes and a Geographical Register, by H. Young. Part i. Books i. to iii., 
zs. Part 2. Books iv. to vii., zs. 

4. Lucian's Select Dialogues. The Text carefully revised, with 
Grammatical and Explanatory Notes, by H. Young, is. 6d. 

5-12. Homer, The Works of. According to the Text of Baeumlein. 

With Notes, Critical and £xplanator}r, drawn from the best and latest 

Authorities, with Preliminary Observations and Appendices, by T. H. L. 

Lbary, M.A., D.C.L. 

Thb Iuad : Part z. Books i. tori., zs.6d. Part 3. Books xiii. to xviii., zs. 6d. 

Part 2. Books vii. to xii., zs. 6d. Part 4. Books xix. to xxiv., zs. 6d. 

Thb Odyssey: Partz. Books i. to vi.^ is. 6d Part 3. Books xiii. to xviii., zs. 6d. 

Part 2. Booksvii.toxii., is.6d. Part 4. Books xix. to xxiv., and 

Hymns, 2s. 

13. Plato's Dialogues : The Apology of Socrates, the Crito, and 

the Phsdo. From the Text of C. F. Hermann. Edited with Notes, Critical 
and Explanatory, by the Rev. James Davibs, M.A. 2s. 
14-17. Herodotus, The History of, chiefly after the Text of Gaisford. 
With Preliminary Observations and Appendices, and Notes, Critical and 
Explanatory, by T. H. L. Leary, M.A., D.C.L. 

Part z. Books i.. ii. (The Clio and Euteroe), 2S. 

Part 2. Books iii., iv. (The Thalia and Melpomene), 2S. 

Part 3. Books v.-vii. (The Terpsichore, Erato, and Polymnia), 2s. 

Part 4. Books viii., ix. (The Urania and Calliope) and Index, zs. 6d. 

18. Sophocles: CEdipus Tyrannus. Notes by H. Young, is. 

20. Sophocles: Antigone. From the Text of Dindorf. Notes, 
Critical and Explanatory, by the Rev. John Milner, B.A. 2s. 

23. Euripides : Hecuba and Medea. Chiefly from the Text of Din- 
dorf. With Notes, Critical and Explanatory, by W. Brownrigg SMriH, 
M.A., F.R.G.S. zs. 6d. 

26. Euripides : Alcestis. Chiefly from the Text of Dindorf. With 

Notes, Critical and Explanatory^ by John Milner, B.A. zs. 6d. 

30. uEschylus : Prometheus Vmctus : The Prometheus Bound. From 
the Text of Dindorf. Edited, with English Notes, Critical and Explanatory, 
by the Rev. Jambs Davies, M.A. zs. 

32. u£lschylus : Septem Contra Thebes : The Seven against Thebes. 
From the Text of Dindorf. Edited, with English Notes, Critical and Ex- 
planatory, by the Rev. James Davies, M.A. zs. 

40. Aristophanes : Achamians. Chiefly from the Text of C. H. 

Wbise. With Notes, by C. S. T. Townshend, M.A. zs.6d. 

41. Thucydides: History of the Peloponnesian War. Notes by H. 

Young. Book z. zs. » „ ■».▼ ^ j -r . 

42. Xenophon's Panegyric on Agesilaus. Notes and Intro- 
duction by Ll. f. W.Jewitt. zs. 6d. . 

43. Demosthenes. The Oration on the Crown and the Phdippics. 

With English Notes. By Rev. T. H. L. Leary, D.C.L., formerly Scholar of 
Brasenose College, Oxford, zs. 6d. 
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